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The Anglo-American Council on 
Productivity 

{Tue Anglo-American Council on Produc- 
tivity has announced this week that its fifth 
and final joint session is to be held in London 
on May 6th and 8th, when it is expected that 
almost all the members of the United Kingdom 
and United States sections will be present. The 
main purpose of the session is to approve the 
council’s final report on its activities since it 
was set up in 1948 and to discuss future develop- 
ments arising from its work. Altogether, sixty- 
six teams from this country have now visited 
the U.S.A., forty-seven of which have been 
industrial produetivity teams, fifteen specialist 
teams, two studying training for industry and 
education for management, and one concerned 
with the relationship between universities 
and industry. These teams have included 911 
individuals and the contacts made, not only 
with their opposite numbers in American 
industry, but with many hundreds of other 
American citizens, have been freely acknow- 
ledged as an important contribution to Anglo- 
American co-operation. Forty-seven reports 
have so far been published by the council, and 
a further nineteen are in preparation, whilst the 
work of dissemination and follow-up of current 
reports continues. The council is therefore 
anxious to make it clear that, though 
not many more teams are likely to visit the 
U.S.A., its United Kingdom section will need 
to be carried on for some time to come. 


Profit-Sharing and Co-Partnership 

AtTHouGH plain profit-sharing seems to have 
fallen under the cloud of more scientific incentive 
schemes, the Co-operative Productive Federa- 
tion continues to show in its Year-Book the 
financial results of the working of the principle. 
The current returns relate to 1950. There were 
thirty-seven societies in the Federation, the 
statistics being divided into four groups—those 
of societies engaged in the clothing, footwear 
and printing industries, with a miscellaneous 
group which includes several firms of engineer- 
ing interest. The thirty-seven societies of all 
groups had a turnover of nearly £5} million, 
with a payroll of 5971 and a wages bill of £1} 
million. Together, they made a surplus of 
£309,083, of which £8478 was allocated to 
capital, £84,519 to labour and £81,649 to 
customers ; 
educational and benevolent purposes. The 
Walsall Locks and Cart Gear, Ltd., is the 
largest of the nine societies in the miscellaneous 
group. It had 466 employees and its business 
during 1950 amounted to £258,539, providing a 
net balance of £7534. Of this sum, £110 went 
to the shareholders (the only society in this 
group making such an allocation) and £5980 
to the workers. Leicester Carriage Builders 
and Wheelwrights, Ltd., with fifty-three 
employees and sales totalling £35,289, had a 
surplus of £724, the only allocation made being 
£175 to labour. Of the three building concerns 
in this group, the Northants Co-partner 
Builders, Ltd., of Kettering, was the largest. 
With forty-nine employees, it had a turnover of 
£27,465, providing a surplus of £325; no dis- 
tribution was made. The Co-partner Building 
Operatives, Ltd., of Sunbury, had thirty-seven 
employees and its business totalled £46,944, 
giving a net balance of £340 ; £190 was allocated 
to its workers. The third society in this section, 
Co-partner Builders, Ltd., of Wigston, Leics, 
had sales amounting to £28,805. 
surplus of £207, £80 was granted to its twenty- 
eight employees. Documentary Technicians 
Alliance, Ltd., a film concern, had twenty-four 
on its staff and its business brought in £44,004, 
of which £1863 was surplus; £48 was dis- 
tributed to its employees. Co-operative Plan- 


ning, Ltd., a firm of architects, and Ealontoys, ' 


grants of £4368 were made to 
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Ltd., both of London, reported a loss on the 
year, the amount not being stated. The remain- 
ing society is the Co-operative Art Service, 
Ltd., also of London. None of the societies in 
this group made any distribution to its 
customers. A study of the returns made by 
the nine societies shows that wages averaged 
nearly £319 per year, while the distribution of 
bonus made by five societies to 1608 employees 
worked out at just over £10-6 for the twelve 
months, or about 4s. a week. 


Institute of Fuel 


On Thursday of last week, the Institute of 
Fuel held its annual luncheon at the Connaught 
Rooms, London, which was attended by over 
600 members and guests. The president of the 
Institute, Dr. G. E. Foxwell, proposed the toast 
of ‘‘ The Guests,” to many of whom he made 
personal reference. Education, he said, was a 
primary function of the Institute, which also 
served as a common link between many pro- 
fessional bodies for the purpose of independent 
discussion. After referring to the continued 
growth in the membership of the Institute, 
which was now 4000, Dr. Foxwell mentioned 
the fuel situation and the need for a national 
fuel policy. This, he maintained, must be sound 
and only Government action could ensure a 
correct balance between the national fuel 
industries. Sir John Hacking, the president of 
the Institution of Electrical Engineers, and 
deputy chairman of the British Electricity 
Authority, responded and discussed the place 
of electricity in the national fuel policy and the 
domestic use of electricity, averring that the 
scrapping of household appliances was not a 
panacea for fuel ills. The cure for these was 
more coal, to obtain which the National Coal 
Board must plan production on the right 
scale; developing other sources of energy, such 
as hydro-electric schemes; the harnessing of 
tidal energy, such as the Severn barrage 
project ; and the fuller use of wind power ; 
and it was expected, he said, that a sizeable 
atomic energy plant would be working in a few 
years. To conserve fuel, energy must be used 
more effectively, and Sir John instanced the 
improving efficiency of electricity generating 
stations, which, he hoped, would attain a 
figure of 26 per cent in 1960. Two stations 
were already working at 30 per cent efficiency, 
and in the U.S.A. plans to reach 374 per cent 
were in hand. Continuing, Sir John touched 
upon schemes for joint supply, the supply of 
heat to blocks of flats and district heating. 
For intermittent use he advocated gas or elec- 
tricity, but for constant use solid fuel was 
recommended, and he concluded with a plea 
for a rational price structure for raw coal, 
which, he pointed out, was quite unfair, since 
the Electricity Authority used low-grade coal 
of 12,200 B.Th.U. and had to bear the cost of 
the equipment to burn it and also to dispose of 
the ash, 


Institution of Chemical Engineers 


THE annual dinner of the Institution of 
Chemical Engineers was held at the May 
Fair Hotel, London, on Friday of last week, 
and was attended by a company of over 200 
under the chairmanship of the president, Sir 
Harold Hartley, C.B.E. Lord Woolton, C.H., 
Lord President of the Council, proposed the 
toast of ‘‘ The Institution of Chemical Engi- 
neers,” and commented on the many and diverse 
activities of Sir Harold, before stating that he, 
Lord Woolton, was the Master of the Salters’ 
Company, which was incorporated in 1394 and 
represented, he averred, the first chemical 
engineers. Continuing, the Lord President 
mentioned the wide activities of chemical engi- 
neers and their effect. on;.the. country’s well- 


being. Industry, he said, must be persuaded 
to make greater use of the scientific knowledge 
available, as was done in America, where science 
was brought into active relationship with 
industry. For Great Britain to remain solvent, 
its trade with the world must be maintained, 
and Lord Woolton thought that more scientists 
should be brought into the works to improve 
products and so help to increase the country’s 
prosperity. Sir Harold Hartley responded and 
endorsed the view that our future depended 
upon a closer link between industry and science. 
For science to play its part it was necessary to 
have more students to maintain the volume of 
research. The president appealed for more 
recruits for the chemical industry. Referring to 
the Institution, he mentioned that the member- 
ship numbered 3700, and made special reference 
to the developments in South Africa, where’ a 
branch had been inaugurated recently. The 
president concluded by presenting the Osborne 
Reynolds 1951 Medal to Major F. A. Freeth, 
O.B.E. Mr. F. Fraser Ross gave the toast of 
** Our Guests,” coupled with the name of Mr. 
John Rogers, the president of the Society of 
Chemical Industry, who, in his onse, 
stressed the great future of Canada and the 
many opportunities open to chemical engineers 
in that country’s expanding industrial develop- 
ments. The proceedings closed with Sir Harold 
Hartley investing Mr. Stanley Robson, the new 
president, with his chain of office. 


Centenary Banquet of 
Samuel Osborn and Co., Ltd. 


Last Friday, at the Royal Victoria Hotel, 
Sheffield, Samuel Osborn and Co., Ltd., held a 
banquet as part of the celebrations of the 
centenary of the firm’s existence. Unfor- 
tunately, through ill-health, Sir Samuel Osborn, 
president of the company, was unable to be 
present, but arrangements were made for the 
speeches to be relayed to his home, where he 
was “listening in” accompanied by Lady 
Osborn. Mr. Frank A. Hurst, chairman and 
managing director of the company, presided at 
the dinner. The occasion was an intimate one 
and many members of the Osborn family and 
descendants of the founder were present, 
besides representatives of the staff and work- 
people. The Lord Bishop of Oxford, son of 
Mr. Frank Kirk, who was first cashier to the 
firm and later became secretary and a director, 
proposed the toast of ‘‘ The Firm ” in a suitably 
reminiscent style. That toast was supported by 
the Rev. George R. Osborn, representing the 
younger generation of the Osborn family. In 
the course of his reply, Mr. Hurst remarked that 
exports had always been of great importance 
to the company. But in modern times it had 
become the practice in high places to direct the 
national flow of trade by so-called planning, 
which changed in pattern almost as frequently 
as feminine fashions. For example, the export 
of various tool steels had been greatly restricted, 
and unless those responsible could be imbued 
with knowledge and vision the firm’s con- 
nections, built up laboriously over the years, 
might be irrecoverably lost. Mr. Pye-Smith, a 
director, then called upon Mr. Phillips, who was 
secretary from 1937 to 1947, to open the 
‘Jubilee Box’’ sealed up at the celebrations 
in 1902 by the late Mr. F. H. Kirk. This having 
been done and various objects, including news- 
paper cuttings, revealed, Mr. Snow, chairman of 
Samuel Osborn (South Africa), Ltd., sealed a 
number of objects, including coins, a ration 
book, identity card, &c., into a “‘ Centenary. ” 
box, to be opened in the year 2002. When the 
Lord Mayor of Sheffield, Alderman T. W. 
Bridgland, and the Master Cutler, Mr. Geoffrey 
M. Flather, had expressed thanks for the guests, ' 
the formal proceedings ended. 
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British Industries Fair 
No. I 


OX Monday next, May 5th, the thirty-first 
British Industries Fair will open simul- 
taneously in Birmingham at Castle Bromwich 
and in London at Olympia and Ear!l’s Court, 
and it will be open daily until May 16th. 
For most of the time the Fair will be open to 
buyers only, although the general public 
will be admitted for certain restricted periods. 

As in previous years, the main engineering 
interest is centred at Castle Bromwich, where 
there is shown a wide selection of the products 
of the main industrial groups, including 
general engineering and electrical equipment, 
contractors’ plant, metals, tools, &c. Advance 
information received 
from a number of 
exhibitors indicates 
that a certain amount 
of equipment of new 
design is being shown 
for the first time, and 
much of the plant 
exhibited incorperates 
improvements based 
upon operating ex- 
perience. Once again a 
comprehensive _ selec- 
tion of contractors’ 
plant and mechanical 
handling equipment is 
being displayed in the 
outdoor section at . 
Castle Bromwich, 
where there are facili- 
ties for showing it in 
actual operation. 

During the period 
the Fair is open a 
number of important 
trade and_ technical 
conventions will be 
held. Of particular 
interest is the 
convention on “ The 
British Contribution 
to Television,” organ- z 
ised by the Institution of Electrical 
Engineers and held at Savoy Place, London, 
8.W.1, from April 28th'till May 3rd. 

Much of the equipment exhibited has 
already been described in the columns of 
THE ENGINEER, and in the article which 
follows, and in subsequent issues, we 
proposé to give details of a few of the new 
plant with notes on some of the machines 
introduced by makers to extend the range of 
designs already in production. 


F. J. Epwarps, Lp. 


» As in previous years, a comprehensive 
selection from its range of sheet metal work- 
ing equipment is being shown by F. J. 
Edwards, Ltd., of 359-361, Euston Road, 
London, N.W.1, and several modified and re- 
designed machines are included. 

One of the re-designed machines to be 
seen is the hand-operated, double-geared, 
universal folding machine; illustrated in 
' Fig. 1, for 6ft 2in material. This machine 
is suitable for producing flanges, angle, 
channel and similar sections in maximum 
thickness material with acute angle or radius 
bends, down to a minimum of two and a half 
times the thickness of the sheet. On light- 
gauge materials edges can be hooked for 
side seaming or “ U-ed ” to take a wire, and a 
round mandrel can be used in conjunction 
with the folding blade for forming tubes up 
to 6in diameter. 

The machine has beams, trunnions, back 





shaft gears, and helical gears for raising 
the beam of cast steel, and its quadrant 
gears and side frames are high-grade iron 
castings. The frame is well braced to provide 
absolute rigidity when the machine is bolted 
down. 

The top clamping beam is mounted on ball 
bearings and is operated through worm and 
screws. It is brought into action by a hand 
wheel at the side of the machine and its lift 
of 8in facilitates the removal of deep-sided 
mouldings and channel sections. The high 


lift of the beam also allows production of 
deep, four-sided, tray sections from one sheet 





FIG. 1—-UNIVERSAL FOLDING MACHINE—EDWARDS 


of metal by use of a right angle forming 
blade. Two sides of the blank from which 
such a tray is to be made are’ formed first ; 
slots are then cut in the blade at intervals 
equal to the distance between the sides of 
the tray, the remaining sides being bent with 
the first two in the slots. . 

The folding beam is adjustable horizontally 
and vertically for sharp or round bends up to 





FIG. 2—24IN SAW BENCH—EDWARDS 
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a radius of 3in. It is fitted with « heavy 
counterbalance weight and actuated by 
crank handle through pinion and segmey 
gears for heavy work. For lighter work the 
pinions may be disengaged from the gear 
and the bend made by direct pull up by hang 
The back gauge is adjustable and an adjust. 
able stop is provided for repetition b: nding 

An improved version of the firm’s ‘ Seseo" 
production press brake exhibited is i::\ endeq 
for fabricating shapes in sheet meta! up to 
a capacity of 48in by 12-gauge or 6)in by 
14-gauge, mild steel and is capable of | ‘nding 
and férming operations, including corrugat. 
ing, beading, wiring and seaming, as well 
as punching, blanking, notching and picrcing, 
or embossing, pressing, straightenin and 
shearing. All these operations can be per. 
formed individually, progressively or jp 
unison by use of single or combinatici digg 
and ancillary attach. 
ments. 

The rigid heavy roll. 
ed steel plate main 
frame of the machine 
is welded and braced 
by adjustable steel 
bars. Spirit level strips 
have been added, and 
the steel plate side 
frames, which are open 


a tate the passing of 
work quickly through 
the machine, have a 
gap 6in in depth. 

The bed is an in- 
tegral part of the main 
frame and the ram, 
which runs in bronze. 

' lined vee guides, has 
an adjustment of 2}in 
through pitman screw 

“threads. Distance from 

top beam to bed, with 
stroke up and adjust- 
ment up, is 9#in, and 
the maximum stroke 
of the top beam is 2in 
at forty strokes per 
minute. Exerted pres- 
sure is 17 tons. 

The woodworking machinery shown on 
the stand includes the new 24in saw bench, 
illustrated in Fig. 2. This machine can be 
adapted for boring, morticing, rebating, 
moulding, grooving, cross cutting, ripping, 


and planing up to ‘the 2}in width of the 


cutter block. r* 

The machine has an accurately machined 
cast iron, 38in by 20in table, with a normal 
working height of 3lin. A rise-and-fall 
motion of the table is actuated by geared 
hand wheel, and at its maximum height of 
40}in is raised above the blade so, that the 
saw completely disappears and groove .cut- 
ting up to a maximum depth of 9}in is 
possible. The table is tee slotted to take 
cross-cut and mitre fences and an extending 
rip fence is fitted with a fine screw adjust- 
ment for tilting up to 45 deg. Distance from 
saw to fence is 124in. ; 

The saw spindle for the 24in blade is driven 
by a5 h.p. motor and runs in a large-diameter 
ball race, protected from dust: A chuck to 
take boring bits up to }in is fitted to the rear 
end of the saw spindle for use in conjunction 
with a rise-and-fall boring table-at the back 
of the machine. The machine is also designed 
for use with cutter blocks or wobble saws. 


British OxyGEn Company, Lrp. 


The equipment to be shown on the stand 
of the British Oxygen Company, Ltd., of 
Bridgewater House, Cleveland Row, London, 
§.W.1, includes an improved version of the 


at the ends to facili. . 
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frm’s well-known 36in universal cutting 
machine. ‘This machine, as can be seen 
from the photograph we reproduce in 
Fig. 3, has a heavy welded steel base with 
a vertical column at the rear. Two horizontal 
arms are mounted on this column, the upper 
one of which is arranged to carry the tem- 
plate on transverse and longitudinal setting 
slides. The lower or ‘“‘ gate” arms carry 
a head with the cutter and the tracer gear, 
and are hinged to give free movement of 
the head. A magnetised roller projecting 





FIG. 3—UNIVERSAL OXYGEN CUTTING 
MACHINE-—B.O.C, 


above the head is designed to adhere to 
the edge of the template and is rotated by 
an electric motor through gearing. Thus, 
as the roller rotates it follows the contour 
of the template and guides the cutter head 
to reproduce the contour in the material 
being cut. 

In the improved machine the general 

arrangement is unchanged‘and its capacity 
—cutting radius 36in and capacity for 
cutting mild steel up to 6in thick—remains 
unaltered. The modifications introduced 
are in the cutter and its controls, the oxygen 
control panel and speed control for the 
template follower which incorporates a 
new drive. ~ ; 
’ The machine is now fitted with the firm’s 
“M.C.6” cutter, using a one-piece nozzle, 
which has the. advantage of trouble-free 
operation and can. quickly and easily be 
changed. A powder cutting attachment, 
which\ can be fitted for profile cutting, 
greatly extends the scope of the machine. 
The cutter is now chromium plated and its 
controls have been made larger and arranged 
with colour identification. A rotary rheostat 
replaces the original sliding unit and together 
with the switches is mounted on a neat 
panel on the outer arm. - The gate arms of 
cast girder work now have neat panels 
which are both lighter and cleaner in 
appearance. 

A chromium-plated strip has been intro- 
duced to protect the oxygen control panel 
on the left-hand side of the pillar of the 
machine. This panel incorporates the firm’s 
latest type of “‘O.R.13” regulator, which is 
split upto enable the gauges to be grouped 
at the top of the panel. A master “ knock- 
off” valve below the control panel governs 
both the oxygen and the acetylene supplies 
to the cutter, and through it all gases can 
‘be cut off with a single movement. To 
prevent movement of the arm when the 
machine is not in use, or is being set, a hinged 
bracket on the pillar can be fitted over the 
magnet roller of the tracer. 

Other cutting machines on view include 
& modified 55in universal cutting machine, 
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which now uses one-piece nozzles, and the 
firm’s modified portable straight line cutting 
machine fitted with two cutting heads, 
using one-piece nozzles for simultaneously 
cutting both sides of a strip. 

The “ Argonarc” welding process is 
shown with additional equipment, which 
includes a water-cooled shield on a torch 
for continuous heavy duty work, and 
demonstrations are being given showing the 
equipment in use on aluminium alloys, 
magnesium and its alloys, copper, stainless 
steel and heat-resistant nickel alloys. 


METROPOLITAN-VICKERS ELECTRICAL 
Company, Lrp. 


The exhibits of heavy engineering plant 
shown by the Metropolitan-Vickers Electrical 
Company, Ltd., Trafford Park, Manchester, 
17, include a high-pressure steam turbine 
rotor, an outdoor oil circuit breaker, a steel 
works auxiliary motor, an electronically con- 
trolled reel drive using dancing rollers, and a 
model of the 3000 h.p. gas turbo-electric 
locomotive, which is now undergoing trials 
with British Railways, Western Region. 

The high-pressure rotor (Fig. 4) is part 
of a 3000 r.p.m., three-cylinder steam turbine, 
which is to be installed in the British Elec- 
tricity Authority’s Chadderton generating 
station. The rotor weighs 3 tons, is carried 
in two bearings and is located axially in its 
casing by a thrust bearing incorporated in 
the inlet end bearings. Steam is admitted, 
to the high-pressure cylinder at 900 1b per 
square inch and 900 deg. Fah. After expan- 
sion through eleven high-pressure stages the 
steam is exhausted to the intermediate- 
pressure cylinder at @42 lb per square inch, 
679 deg. Fah. The high-pressure cylinder is 
capable of developing 12,000 h.p. . 

The rotor is machined from a high-grade 
carbon steel forging, the eleven discs being 
forged in one piece with the shaft. There are 
1812 stainless steel blades, which are held. 
by T-shaped root fastenings to the peripheries 
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(Fig. 5), is rated at 66kV, 800A, 1000MVA, 
and embodies various improvements on the 
design of the company’s earlier ‘‘G3C” 
circuit breaker. For example, the tension 
mechanism for contact lifting has been re- 
placed by a positive mechanical linkage. 
The tank has been designed to reduce the 
quantity of oil required to about 60 per cent 
of that usually needed for a ‘‘ dead” tank 
circuit breaker of this class. Moreover, the 
tank handling arrangements are an advance 





Fic. 5—* LG3CS/66"" OUTDOOR OIL CIRCUIT | 
BREAKER—METROPOLITAN - VICKERS : i 
on the earlier winding method. The current 
transformers are arranged so that the 
bushings can be removed without disturbing 
them. All control wiring is carried in the 
hollow structure instead of being accommo- 
dated, with difficulty, in conduit. Spring- 
loaded condenser bushing are used: any 
shock, therefore, is absorbed in the spring 
loading instead of being transmitted direct 
to the rigid flange corinection. 
Advances in the design of steelworks 





Fic. 4-34, TON HIGH-PRESSURE 
of the discs, around which they are spaced 
by mild steel distance pieces. Stainless steel 
shrouding is fitted to the blade tips. Laby- 
rinth glands prevent leakage of the steam 


where the rotor enters the cylinder; steel © 


sleeves secured to the shaft constitute the 
moving portion of the glands, and radial fins 
on these sleeves register, with running 
clearance, against spring-backed cylindrical- 
shaped fins of stationary packing rings 
housed in the cylinder casing. A Bibby 
flexible coupling connects the high-pressure 
rotor to the intermediate-pressure rotor. 

The oil circuit breaker, type ‘‘ LG3CS/66 ” 


ROTOR—METROPOLITAN - VICKERS 


motors are embodied in the 50 h.p., 500r.p.m., 
totally enclosed d.c. motor, which is one of 
the company’s “MDX” range. Motors in 
this range are designed to conform with the 
standards (A.I.S.E. 600 series) of the 
American Association of Iron and Steel 
Engineers. While the new range of motors is 
based on the company’s established design 
of steelworks motors, a number of improve- 
ments have been made through the use of 
newer materials and better cooling facilities. 
Briefly, the advances consist of greater out 
put for a given frame size, better commuta- 
tion, reduced weight and overall length, a 
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higher maximum safe speed, improved 
insulation, higher efficiency, and lower values 
of armature inertia. 

Another exhibit on this stand consists of a 
length of main trunking designed to demon- 
strate the application of air flow indicators, 
velometers, air blast indicators, flue gas 
indicators, and pressure survey indicators. 


Tue Gas Counc 


Since 1945 the amount of gas sold to 
industrial consumers in this country annually 
has increased from 391 million therms to 
590 million therms and, following its previous 
practice, the Gas Council is displaying at 
Castle Bromwich an interesting range of gas- 
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FiG. 6—-PROTOTYPE CRUCIBLE FURNACE— 
Gas COUNCIL 


heated appliances for industrial users to give 
some impression of many applications. 
Amongst the new equipment being shown 
is a prototype crucible furnace developed 
by the East Midlands Gas Board; it 
makes use of radiant burners instead of the 
more usual tangential firing. Crucible fur- 
naces used generally for melting non-ferrous 
metals are mostly heated by single air-blast 
burners firing tangentially around the base 
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of the crucibles—the flames and hot gases 
flowing in an upward spiral path between the 
outside of the crucible and the furnace wall. 
With this form of firing, it is pointed out, 
local overheating takes place at the point of 
highest flame intensity, expoliation of 
plumbago occurs around the crucible base, 
which is unevenly heated, and there is a 
rapid venting of hot gases still containing 
an appreciable amount of unused heat. 

With a view to minimising or eliminating 
most of the above disadvantages the new 
furnace illustrated in Figs. 6 and 8 was 
developed. In this furnace, which takes a 
normal crucible of 60 lb capacity, local con- 
centration of heat is eliminated and expolia- 
tion reduced by arranging radiant burners 
to heat the crucible evenly on all sides. A 
considerable amount of heat is retained in 
the flue gases and some of it can be used for 
preheating the metal by using larger crucibles 
up to 120lb and charging them to full 
capacity. With this furnace combustion 
noise is very slight, and heat losses through 
the walls are reduced as most of the 
internal wall area consists of burner faces. 


As can be seen from the drawing (Fig. 8), 
the furnace structure consists of four cast 
iron side plates, with a top and a bottom 
plate. The four burners are bolted to the 
side plates, appropriate refractories being 
required only for the base, the four corners, 
and above the burners. Each of the burners 
consists of a standard radiant block, rated 
at 60 cubic feet of gas per hour, the air 
being at 28in w.g. pressure and the gas at 
normal mains pressure at the inlet of the 
special air/gas mixing unit. The maximum 
gas rate is 960 cubic feet per hour, with a 
standby rate of 400-500 cubic feet per hour. 
We are informed that from a cold start an 
initial melt of 90 lb of brass (60/40 mixture) 
can be poured in forty-five minutes, after 
which a similar amount can be melted each 
thirty minutes when using a 120 lb crucible 
fully loaded. On this basis the gas rate 
varies from 4-5 to 5-5 cubic feet of 500 cal- 
orific value gas per pound of metal melted, 
dependent upon whether ingots or general 
scrap are fed into the crucible. 


The burner faces reach a temperature of 
1400 deg. Cent., which falls to a red heat 
when a crucible is placed in the furnace and 
is regained as melting progresses. The 
designers state that a similar unit to the one 
described has been satisfactorily used in 





FIG. 7—PORTABLE COVER FURNACE-—GAS COUNCIL 
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powder metallurgy research testing, ang 
from the experience gained a larger furnag, 
is now being designed. 
In the interesting group of exhibits 
ed to show the adaptability of yas fo, 
heat-treatment work over a great range of 
temperatures is a portable cover furnace for 
annealing, which is made by Dowson and 
Mason Gas Plant Company, Ltd.,-of Man. 
chester. This kind of furnace was introduced 
some years ago in the South Wales ste¢] 
trade, but it has since been adapted jor the 
heat-treatment of forged steel rolls, stress 
relieving of fabricated parts, &c. It is saiq 
to be in many instances replacing the pit 
furnace and can be considered as an a!terna. 
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FIG. 8—-ARRANGEMENT OF CRUCIBLE FURNACE 
—Gas COUNCIL 























tive to the bogie or car bottom furnace for 
many operations. 

Two of the furnaces are to be seen in 
Fig. 7, one being in operation and the other 
in course of preparation with the cover 
suspended. In these furnaces the gas burners 
are arranged on the two long sides of the base 
and are situated well inside the outer edge 
of the buckstaves so that they can be fitted 
with covers and totally enclosed. 

One of the units used to show the applica- 
tions of radiant heat for drying is the infra- 
red blacking dryer of Thomas de la Rue 
and Co., Ltd. This unit is built up of special 
cast metal panels each heated directly by 
twelve gas flames and backed by insulating 
material. Each of the burners has a tap 
and union so that it can be withdrawn for 
servicing whilst the unit remains in its 
working position. The panel units can be 
grouped in a variety of ways to suit 
the arrangement fer a conveyor tunnel, 
a static or a portable conveyor apparatus, 
&c. For the purposes of the exhibition 
four of the infra-red panels have been built 
over a wide mesh conveyor l11ft long by 
2ft wide supplied by the British Wedge 
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wire Company, Ltd. This conveyor is 


driven through a variable speed unit designed 
to give a ratio of 4 to 1 between maximum 
and minimum speeds. 

Other exhibits include foundry appliances, 
core and mould driers, glass working gas 
burners, metal spraying equipment, &c., 
in which gas is used for heating purposes. 


Frrrantt, Lrp. 


Transformers built to the new British 
Electricity T.1 Specification, which covers 
transformers from 5kVA to 1000kVA for 
use on standard 415V and 240V systems, are 
among the main exhibits shown by Ferranti, 
Ltd., Hollinwood, Lancs. 

The examples shown are a standard 5kVA, 
single-phase, 11,000/250V _pole-mounting 
transformer; a standard 50kVA, three- 
phase, 11,000/433V_ pole-mounting trans- 
former; @ standard 500kVA, three-phase, 
11,000/433V substation transformer. 

In each exhibit the tank side is cut away 
in section and the interior illuminated so that 
the internal construction can be seen. 

The same company is also showing two 
examples of meter testing equipment, namely, 
a new polyphase meter desk set and a high- 
speed electronic set for single-phase meters. 
The meter testing desk set (Fig. 9), shown 
for the first time, is intended primarily for 
polyphase three and four-wire meters but, 
as all three circuits are operated inde- 
pendently, it may also be used as three single- 
phase testing sets. 

The desk is enclosed in light gauge sheet 
steel finished in white enamel inside and 
battleship grey outside. 

The voltage output is 500VA per phase, 
controlled by continuously variable auto- 
transformers in three ranges, 0-150V, 0-300V 
and 0-600V. A static phase shifting trans- 
former of corresponding rating is used for 
power factor adjustment. By means of 
coarse and fine controls it is possible to vary 
the phase angle in each phase independently 
through 360 deg. The dials are so marked 
that when once zero power factor has been 
set for any load, any other required power 
factor may be set easily and quickly. 

Six current ranges are normally fitted, 
rated at LOOA, 50A, 25A, 10A, 5A and 1A 
maximum. On each range the current is 
continuously variable from zero to the 
maximum by three continuously variable 
auto transformers. In addition, 2 ganged 
fine control is provided for load steadying ; 
500VA per phase is available on tappings 
of 10A and above, 250VA and 50VA on the 
5A and 1A tappings respectively. 

The current ranges are selected by means 
of self-cancelling, interlocked push buttons. 
Three 15VA class “ AL” portable precision 
current transformers are provided with 
primary ranges corresponding to the current 
supply tappings and 5A secondaries. These 
transformers are readily removable for 
certification. 

On the panel above the desk are mounted 
a 4in square first grade voltmeter and 
ammeter in each phase and terminals for 
sub-standard instruments. The voltmeters 
can be switched to read phase to neutral 
or phase-to-phase values as required. If 
desired, power factor indicators can be 
mounted on the panel, but these are not 
normally provided. 

A demonstration model of the Ferranti 
high-speed electronic set is shown to illus- 
trate the principles of its operation. The 
equipment normally supplied is suitable for 
the calibration of twenty meters at one time 

employing one tester. It can, however, be 
extended to cater for as many as 100 meters 
with five meter testers. The purpose of this 
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equipment is to achieve a marked increase 
in the speed of calibration of single-phase 
house service meters without sacrificing the 
accuracy which is demanded by B.S. 37. 

The method uses a rotating sub-standard 
high torque meter which is never required to 
run at less than one-quarter of its full-load 
speed. This meter has no registers or con- 
tactors, but gives its output photo-elec- 
trically by means of beams of light shining 
through holes in a disc on to a light sensitive 
cell. When testing meters at high loads, the 
output of the photo-electric cell is amplified 
and controls a stroboscopic lamp which 
illuminates the disc of the meters under test 
and enables their speeds to be adjusted so 
that they are in step with the standard. 
At low disc speeds this method cannot be 
used. The photo-electric cell output then 
drives a series of cyclometer counters, one 
per meter under test, and they enable the 





FiG. 9—POLYPHASE METER TESTING DESK 
SET—FERRANTI 


meters to be timed in a similar way to the 
stop-watch method. The difference is that in 
this new method the meter under test is 
timed in terms of the speed of the standard 
so that error is given directly without calcula- 
tion, and the load need not be maintained 
accurately, as is necessary with the wattmeter 
and stop-watch method. 

Any meter with full-load speeds between 
12 r.p.m. and 48 r.p.m. and carrying any 
stroboscopic pattern of between 100 and 200 
divisions can be tested without any altera- 
tion of the sub-standard. The meter under 
test is calibrated at three points—at full-load 
current at 1-0 and 0-5 power factor lag by 
stroboscopic illumination of its disc and at 
1/20 load by the counters. The equipment 
is made to calibrate meters up to 50A 
capacity and of differing speeds and strobo- 
scopic patterns by the use of one rotating 
sub-standard meter. 

Another new development, exhibited for 
the first time, is the Ferranti kilovolt-ampere- 
hour meter, which makes possible the 
measurement of true kilovolt-ampere-hour 
and kilovolt-ampere demand on polyphase 
circuits by the use of a single meter. It 
consists of a standard induction pattern 
watthour meter whose voltage coils are 
excited in the usual manner from the circuit 
it is intended to meter. The current coils, 
however, derive their energy from voltage 
transformers which are controlled by trans- 
ductors connected to the main circuit 
current transformers. The current trans- 
formers’ secondary current is passed through 
a bridge rectifier and produces a direct 
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current which is proportional to the line 
current. This direct current excites the 
control -winding of the transductor, which 
delivers a proportionate alternating current 
output. It will be apparent that the trans- 
ductor output is independent of the power 
factor, so that the meter speed is proportional 
to the kilovolt-amperes of the main circuit. 
An accuracy of +2 per cent over the range 
5 per cent to 125 per cent of marked current 
is obtainable. Errors due to change of line 
voltage, frequency and ambient temperature 
are no greater than those normally associated 
with transformer-operated meters. 


ALFRED HERBERT, LTD. 


In addition to a selection from the com- 
pany’s range of measuring equipment, small 
tools and machine-shop equipment 
Alfred Herbert, Ltd., of Coventry, is demon- 
strating injection moulding equipment and 


», Presses. 


The large injection moulding machines 
include the British built Reed Prentice 
“10D ” eight ounce, self-contained, hydrau- 
lically operated machine shown in Fig. 11. 
This machine is designed for a moulding 
area of some 100 square inches at 20,000 lb 
per square inch pressure, the total pressure 
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Fic. 10-125 TON PREFORMING MACHINE— 
HERBERT 


exerted on the injection plunger being 
113,000 Ib and the rate of injection 10-8 
cubic inches of material per second. Its 
cast steel, 2lin by 25in, die-plates are pro- 
vided with bronze bushed bearings for the 
tie-bars and have thirty-two tapped holes 
for mould clamping purposes. 

A double shear link mould toggle locking 
mechanism provides for positive locking of 
the die-plates at 250 tons loading, and it is 
adjustable through a hand-operated rack 
and pinion for mould thickness setting. 
The hydraulic cylinders, which actuate the 
toggle and injection units are supplied with 
pressure fluid through four-way pilot-oper- 
ated valves actuated by solenoids. Pressure 
on the injection plunger is set by a hand- 
wheel operated valve and can be adjusted 
without affecting the die-locking pressure. 

The controls of the machine can be set 
for manual, semi or fully automatic working. 
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When under full or semi-automatic operation 
the machine is electrically controlled through 
four electronic timing units, which are 
adjustable up to 90 seconds. These units 
control the time the injection plunger main- 
tains pressure on the material, the time 
allowed for solidification of the material 
in the mould after the plunger has retracted, 
the time the mould remains open for the 
ejection of the moulding, and the time 
the pump boost is in operation. This 
sequence of operations is continuous when 
the machine is operated fully automatically. 
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which, in conjunction with a radio frequency 
heater, are producing a typical phenolic 
moulding. 

The preforming machine, shown in Fig. 
10, is the largest yet made by the company. 
It is a hydraulically operated machine which 
exerts a maximum load of 125 tons on a 
6in diameter tablet. Although the machine 
is shown producing a circular tablet, it may 
be used to produce any shape which will 
fit into a 6in diameter circle. It is arranged 
for fully automatic operation by a 
modified Daniels process timer and is driven 





Fic. 11-8 OZ INJECTION MOULDING MACHINE—HERBERT 


When semi-automatic, or single cycle, opera- 
tion is arranged, the mould is closed by hand 
and the cycle is then controlled auto- 
matically by the timers. 

The new design of “‘ IMP/96 ” air operated 
impact die casting machine of Die Casting 
Machine Tools, Ltd., shown on the stand, 
has a capacity of 120z of zinc per shot and 
a casting area of 12 square inches. This 
machine has a pilot operated impact injec- 
tion cylinder with slide valve in the head, 
its control incorporating a safety interlock 
valve to prevent injection of metal before 
the dies are fully closed. It works on an 
air line pressure of 80/100 lb per square 
inches, at which the pressure on the metal 
when using a l}in diameter plunger is 
1620 lb. 

Amongst the exhibits shown in operation 
are a preforming machine and a hydraulic 
press, made by T. H. and J. Daniels, Ltd., 





FiG. 12—** ASB33"’ AIR-BREAK CIRCUIT BREAKER FOR 
PAILIN 


3°3KV. 1200A—FERGUSON 





by a self-contained pumping unit. The 
control valves are of the piston design, and 
attached to these valves are the air cylinders, 
which are a part of the automatic control 
mechanism. If required this machine can 
handle fabric filled materials if the filling 
is done manually, in which case the opera- 
tion of the machine is semi-automatic, the 
operator starting the machine at the begin- 
ning of each cycle. One advantage of this 
machine when using these materials is that 
pressure is applied from both the top and 
the bottom of the tablet. 

The downstroke hydraulic press has a 
capacity of 150 tons and is a self-contained 
unit having its own motor-driven high-speed 
pump. It is complete with an automatic 
process timer, slowing device and delay 
valve, which control the speed and amount 
of mould opening during “ breathing.” 
The press is fitted with 26in square electric 
platens and hasa maxi- 
mum daylight of 18in. 
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Frereuson Pari, Lop. 


The central exhibit shown by Ferguson 
Pailin, Ltd., Higher Openshaw, Manchester 
is a large illuminated power system diagram. 
with superimposed scale models and photo. 
graphs of all the different kinds of gear 
embraced by the diagram from 132kV down 
to 440V. 

The actual switchgear exhibits include a 
new 3:3kV air-break unit, which is shown for 
the first time and a 440V, 1200A, 25MVA, 
industrial oil circuit breaker unit. Both 
exhibits are fully sectionalised to show con- 
structional details and are arranged for 
demonstration operation. The first, known 
as the type “‘ ASB33” air-break unit, is a 
single busbar air insulated equipment (Fig. 
12) rated at 150MVA at 3-3kV, the example 
exhibited having a current rating of 1200A. 
Other equipments up to 2400A are available. 
Insulation is Class ‘‘ B ” throughout and the 
unit is fitted with electrical solenoid operating 
mechanism. The unit is a new design, deve- 
loped for the control of power station 
auxiliaries, and has been fully tested to prove 
its performance, including tests at currents 
down to 30A at low power factor, which are 
encountered with this class of gear. 


UT-D., inp. 


The materials handling equipment to be 
seen in operation in the outdoor section of 
the Fair at Castle Bromwich includes the 
power-driven trucks made by I.T.D., Ltd., of 
95-99, Ladbroke Grove, London, W.1I. 
One of the two types of these trucks ex- 
hibited includes a wide range of fork lift 
equipments having load capacities from 
1000 lb to 5000 lb and lifting heights from 
6ft. to 14ft, on chassis powered with diesel, 
petrol or battery electric units. 

All these units are available with a 
variety of special ancillary equipments, 
which are used to convert the conventional 
fork-lift truck into a number of specialised 
materials handling machines. 

The second class of unit shown consists of 
industrial platform trucks with between 
2000 Ib to 4000 lb load carrying capacities, 
fitted with fixed or elevating platforms, and 
made in lightweight, middleweight or heavy- 
weight models. 

The battery fork lift truck illustrated in 
Fig. 13, is shown fitted with the “ Rodman ” 
grab unit, developed by the Stockport 
Manufacturing Company, Ltd. This device 
consists essentially of two hydraulically 
operated clamping arms, with which such 
things as bales, barrels, packing-cases, &c., 
can be handled without the use of pallets. 
A self-centering device for the arms ensures 
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that the loads are balanced to maintain the 
stability of the truck. The movement of 
the grab unit arms ranges from about 16in 
to 60in, and it can be used to carry loads of 
up to 1 ton. It will be appreciated that the 
use of this grab device in conjunction with 
the free lift mast of the truck permits 
stacking in areas where headroom is strictly 
limited. 

At last year’s Fair the firm showed for 
the first time its side-shifting forks device, 
which is designed to save time and effort 
in manceuvring a truck to make a precise 
approach to a pallet or a load. With this 
device the forks can be traversed hydrau- 
lically sideways for up to 3in across the 
carriage Of the truck. The device is being 
shown on another truck model this year and 
will, we understand, shortly be available 
on all models in the “‘ Stacatruc ”’ range. 


HockLey CHEmiIoaL Company, Lrp. 

Of particular interest amongst the equip- 
ment it makes for the electro-plating trade 
a special cabinet developed for acid pickling 
and bright dipping, &c., is to be seen upon 
the stand taken by the Hockley Chemical 
Company, Ltd., of Hockley Hill, Birmingham, 
18. This cabinet incorporates washers and 
neutralisers which ensure that no fumes can 
escape into the open atmosphere, and it can 





Fic. 14—CABINET FOR PICKLING AND 
DipPpPING—HOCKLEY 


be set at any convenient spot in a machine 
shop or other place in a works where water 
and electrical supplies are available. 

The cabinet, which is illustrated in 
Fig. 14, is made in a range of standard 
sizes and is built as a portable unit without 
need for special floor mounting. All parts of a 
unit which come into contact with acid, 
water or moisture are made from acid and 
water-proof plastic material. 

During treatment a ventilating fan draws 
fumes through the slotted rear wall of the 
cabinet, where they are brought into contact 
with ammonia and are partially neutralised 
by the resultant formation of salt mists. 
These mists and the non-neutralising gases 
then pass to a fluid container holding 
neutralising solution and are further purified 
before being drawn up to a filter of chemically 
activated carbon where they are neutralised 
completely. Emerging from the filter the 
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mists are washed by a water spray and are 
then exhausted into the atmosphere. This 
discharge is stated by the firm to be com- 
pletely neutral and absolutely free from toxic 
fumes. A test pipe fitted on the ventilator 
outlet permits check on correct operation. 

A photo-cell fitted to the cabinet is 
activated by density of fumes given off, and 
it controls a distributor which regulates the 
supply of ammonia, so controlling the neutral- 
ising. Coupled to this photo-electric device 
is a magnetic valve which feeds neutralising 
solution into the waste water pipe-line. This 
method of feeding solution obviates the need 
for installing a separate neutralising pit 
for the waste water, as it is completely 
decontaminated. 


RockwEtt Macatne Toot Company, Lrp. 

To demonstrate the equipment it makes 
to convert presses for fully automatic opera- 
tion, the Rockwell Machine Tool Company, 
Ltd., of Welsh Harp, Edgware Road, London, 
N.W.2, has arranged a group of typical units 
round a “ Sentinel ” 25-ton unit press. The 





FiG. 15—SLIDE FEED UNIT—ROCKWELL 


equipment includes an automatic unwinding 
reel and stock straightener, a slide feed, a 
stock oiler and a scrap cutter. 

In this equipment the controlled feed of 
coil stock from the reel has any “set” in 
it removed by a straightener to ensure the 
production of flat blanks from the press and 
accuracy of the automatic feed. The slide 
feed unit shown in Fig. 15 is mounted on 
the bolster plate of the press in line with the 
die. In this unit is a feed block driven from 
the crankshaft of the press and reciprocating 
between adjustable stops. A feed blade 





Fic. 16—-MULTI-STOP UNIT—ROCKWELL 
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mounted in the block is designed to grip the 
stock and move it forward the desired length 
to feed material into the press tool. This 
blade is pivotally mounted and on the return 
stroke of the feed block the stock is held fast, 
as a roller check mechanism permits move- 
ment of the stock in the forward direction 
only. The scrap cutter is a motor-driven, 
self-contained unit in which the scrap material 
coming out of the press is cut to short lengths 
for easy disposal. 

Amongst other equipment on this stand 
is the new automatic coil cradle designed 
to handle stock coils up to 20in wide and 
having an outside diameter of 48in. It 
incorporates a power-operated lifting gear, 
and once a coil has been rolled into position, 
with its spindle over the lifting blocks, it is 
raised to the required level by depression of 
a push button. A mercury switch loop 
control mechanism fitted on this coil cradle 
governs the speed at which the material is 
drawn off. 

A recent development of the company is a 
multi-stop unit, which is a form of safety 
device for automatically stopping a press or 
other machine in the event of the material 
being fed running out or buckling. In addi- 
tion to being used as a protection device for 
dies and tools, it can also be used as a control 
for material width and thickness, so that 
it stops a machine when an attempt is made 
to feed material outs‘de preset limits. This 
unit is shown fitted to a press in Fig. 16. 

CoNVEYANCER Fork Trucks, Lrp. 

Battery and engine-driven fork trucks in a 
number of different sizes and designs for all 
classes of work are exhibited by Conveyancer 
Fork Trucks, Ltd., Liverpool Road, Warring- 
ton. One of the most recent additions to the 
range of units made by the firm is the model 
“6-20,” illustrated in Fig. 17. This 
machine, which is available with either a 
petrol or diesel engine drive, is designed for 
lifting, transporting and stacking loads of 
up to 6000lb. It has a 20in load centre, 
and although the standard machine is fitted 





FIG. 17—6000LB FORK 'TRUCK—CONVEYANCER 


with a mast to give a 12ft lift, a 9ft or 14ft lift 
mast can be fitted if required. 

The new fork truck has fully automatic 
fluid transmission, no clutch or conventional 
gearbox being fitted. This type of trans- 
mission is stated to have many advantages 
in reducing mechanical wear occasioned by the 
frequent stopping and starting which a fork 
truck is subjected to in service. Only three 
controls are used for driving and manceuvring 
the truck—an accelerator, a foot brake and a 
forward /reverse lever. 

For working in establishments where the 
operational space is strictly limited, the 
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firm has introduced its model “ E2-24” 
battery electric truck, which has a load 
capacity of 2000 lb at 24in load centres. 
This unit is fitted with a mast giving a 
standard height of lift of 9ft. 

Also to be seen on this stand is a wide 
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range of material handling attachments 
which can be readily fitted in place of the 
normal forks to increase the handling ability 
of the machines exhibited. These attach- 
ments include a boom, crane, squeeze clamp, 
rotating head, side shifter, shovel, &c. 


(To be continued) 


Cavitation Mechanics in the Design of 
Hydraulic Equipment 


JAMES CLAYTON LECTURE—No. II 
By PROFESSOR ROBERT T. KNAPP, Ph.D.* 
(Continued from page 574, April 25th) 


The object of this James Clayton Lecture, presented to the Institution of Mech- 
anical Engineers on April 18th and here abstracted, is to outline the various charac- 
teristics of the cavitation phenomenon and to point out in general how this knowledge 
may be used to alleviate and, in some cases, to eliminate the losses due to damage 
of materials and decrease in performance of hydraulic equipment. It is shown 
that difficulty with cavitation 1s encountered over the entire field of hydrodynamics, 
but that, although the manifestations may appear to differ widely, they can usually 
be understood on the basis of present concepts of the mechanics of cavitation. It is 
found that such understanding usually brings with it suggestions of methods for 
lessening or eliminating the difficulty. The first part of the lecture, mainly descriptive 
of the California Institute of Technology high-speed water tunnel, is omitted. 


Cavitation Nuclei.—It is apparent from 
a continued comparison of Fig. 4a and 45 
that, although in many essentials these 
cavities are equivalent, there are major 
differences, at least in the details of cavity 
formation and collapse. Thus it is a chal- 
lenge to try to clarify some of the reasons 
for this difference. A consideration of this 
phase of the problem quickly leads to the 
investigation of the mechanics of cavity 
formation in a homogeneous liquid. The 
first reaction of the average individual, 
whether or not he be technically trained, is 
that nothing could be easier than to create 
a cavity in a liquid. Apparently all that is 
necessary is to attempt to apply a tension 
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to the liquid, and it will rupture. At least, 
all the common liquids seem to have no 
tensile strength. However, even a brief 
survey of the literature on the subject shows 
that this common belief is erroneous and 
that, if a liquid is truly homogeneous, it 
can support a high tension. Therefore, 
cavities should not be expected to form when 
vapour pressure is reached. The next 
thought that arises is that most liquids, 
and certainly water, contain a relatively 
large amount of air in solution, and that this 
air would “ obviously ’’ destroy the ability 
of the liquid to sustain tension. More care- 
ful investigation shows that this is not at all 
obvious. 

About a decade ago, Professor Newton 
Harvey (Harvey, McElroy and Whiteley, 
1947) put samples of air-saturated water 
in a cylinder and compressed them for a 
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few minutes at about 10,000 lb per square 
inch. He then removed them and tested 
their tensile strength. He found that after 
this simple treatment many of the test 
samples would stand tensions of 300 lb-400 Ib 
per square inch. This indicates clearly 
that dissolved gas in itself does not destroy 
the tensile strength of a liquid. Harvey 
assumed that the effective tensile strength 


04 









03 


= 02 













16 





dV 
1-5 calibre ogive nose. 
Fic. 9—Effect of Model Size and Flow Velocity on Kj 


of the ordinary liquid was destroyed by the 
presence of large numbers of small, undis- 
solved gas nuclei, and that each nucleus 
represented a rupture of the liquid. This 
assumption implies that any nucleus can be 
made to grow into a cavity of any desired 
size if the pressure is reduced to that of 
vapour. One difficulty of this simple con- 
cept of the nucleus is that surface tension 
forces on very small spherical bubbles are 
tremendous, and would tend to raise the 
pressure of the gas in the bubble to such 
high values that it would be forced to 
dissolve completely in the liquid, thus 
destroying the nucleus. To eliminate this 
difficulty, Harvey assumed that the tiny 
gas cavities are located in crevices on smal! 
hydrophobic (non-wetting) solid particles, 
such as dust particles, which are present 
in great numbers in water and most liquids. 
One of the objectives of his pressure experi- 
ments was to demonstrate the gang 
existence of this type of nucleus. He rea- 
soned that if the pressure on the liquid were 
raised to a high enough point, the gas pockets 
on the solid particles would be forced to dis- 
solve, and then the liquid would be able to with- 
stand a tension. Harvey’s experiments have 
been repeated and are now being extended in 
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the Hydrodynamics Laboratory, California. 
His results have been confirmed. Ono of the 
simplest methods of measuring change jp 
tensile strength, both before and after the 
pressure treatment, is the determination 
of the boiling point of the liquid at atmo. 
spheric pressure. In Pasadena this boiling 
point averages about 211 deg. Fah. How. 
ever, after pressurising, samples have been 
found that do not boil until they have been 
heated to over 450 deg. Fah. A glance at 
the steam table shows that this implies a 
tensile strength of over 400 Ib per square 
inch. Cavitation in such water would be 
nearly impossible at any velocity normally 
encountered in engineering practice. 

Effect of Nuclet on Cavitation Type. If 
the need for an existence of these nuclei ig 
tentatively accepted, the explanation of 
some of the observed cavitation phenomena 
is simplified. However, it is necessary 
first to consider in more detail some of the 
other nuclear characteristics. If these 
nuclei exist, there is reason to suppose that 
they may be found in a wide variety of 
sizes, the largest ones being at least large 
enough to be seen in a strong beam of light, 
while the smallest ones may well be below 
the range of the most powerful microscope. 
If cavitation is investigated in a stream of 
liquid containing a supply of relatively 
large nuclei, it would be expected that visible 
cavitation would appear just as soon as the 
lowest pressure in the system reached that 
of vapour, because one of these large nuclei 
could grow into a visible bubble practically 
instantaneously. However, if the liquid 
contained only extremely small nuclei, it 
would be anticipated that a relatively long 
growth period would be required before they 
would become large enough to be observed 
or, indeed, to make an appreciable difference 
in the flow. Thus if the low-pressure region 
in the test were a very short one, a nucleus 
might pass through it without ever forming 
a visible cavity. If the pressure were 
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reduced well below that of vapour, all sizes 
of nuclei would be expected to have an 
accelerated rate of growth. 

This discussion implies that if a given body 
were tested for cavitation inception in two 
different streams of liquid, one containing 
large and the other very small nuclei, two 
different results would be obtained. The 
body would be expected to cavitate at a 
higher value of K in the liquid containing 
the large nuclei, that is, its cavitation resis- 
tance would be lower than in the other 
stream. This is unfortunate, because it 
would be much more convenient if the 
cavitation resistance as measured by K; 
would prove to be a property of the body 
alone and not also of the liquid. It will be 
recalled that in the previous discussion of 
the behaviour of a fluid element or filament 
it was tacitly assumed that liquid cannot 
sustain a tension, and that it breaks away 
from the body when vapour pressure is 
reached. The discussion of the growth 
of cavities from nuclei implies that the 
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cavities move With the stream. If a nucleus, 
even 2 small one, should be at rest, or nearly 
at rest, with respect to the surface of the 
body, instead of moving at the velocity of 
the stream, then the time available for 

wth would be greatly increased, but the 
resulting cavity would be fixed with respect 
to the body instead of travelling downstream 
with the liquid. This alternative seems to 
offer a mechanism by which sufficient cavity 
yolume can be formed to relieve tension in 
a liquid in which the nuclei may be too 
amall or too few to permit the formation 
and growth of an adequate volume of travel- 
ling cavities. 

It is now possible to advance a tentative 
explanation of the two different types of 
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cavitation that were observed to occur under 
apparently the same flow conditions. Fig. 4a 
was made when the tunnel was operating 
under conditions favouring the existence of 
large nuclei. The water was maintained 
saturated with air at atmospheric pressure, 
and a portion of the flow was circulated 
constantly over either a free-fall or a spray- 
type cooling tower, in which there was 
ample opportunity for large nuclei to be 
formed. The conditions of the liquid under 
which Fig. 4b was obtained are quite dif- 
ferent. Here the tunnel was operating with 
a completely closed circuit, cooling was done 
through a heat interchanger, and a resorber 
had been added to the system, in which each 
element of the liquid was held at a pressure 





(a) Square-ended cylinder, K=0-55, 





(6) Blunt ellipse, K=0-44 





(c) Hemisphere, K = 0-28. 





(d) 1 calibre sphereogive, K=0-21, 





(e) 2-5 calibre sphereogive, K=0-23, 


Fic. 11—Effect of Nose Shape on Cavity Diameter 


_will be many times as great ? 








well above atmosphere for 80 per cent of 
the time. These circuit changes should act 
to decrease continuously the number of 
large nuclei originally present in the water ; 
thus making cavitation increasingly difficult 
to produce, and increasing the probability 
of the development of the fixed type of 
cavitation seen in Fig. 4b, instead of the 
travelling cavity type found in Fig. 4a. 

Cavitation Scale Effect.—One of the con- 
stant difficulties experienced by both the 
laboratory research man and the designer 
is the effect of size or scale in the applica- 
tion of experimental results. The problem 
is as follows: here are some measurements 
made on small-size equipment under labora- 
tory conditions. How must they be modified 
if they are to be used to predict field per- 
formance where the size of the equipment 
When cavi- 
tation is involved it is beginning to appear 
that this question is intimately related to 
the properties of the liquid, particularly to 
the concentration and size distribution of 
the nuclei. It is probably too early to make 
the positive assertion that nuclei do exist, 
that they can be found in a wide range of 
sizes, and that they are responsible for the 
otherwise anomalous cavitation performance 
frequently observed in the laboratory. How- 
ever, it can be said that cavitation experi- 
ments, carried out under carefully controlled 
conditions, do indicate that at least water 
exhibits properties that can be explained 
by the presence of nuclei, and that if the 
existence of nuclei were ruled out, some 
other explanation would have to be found 
for these properties. Therefore, for the 
present it seems justifiable to accept tenta- 
tively their existence, and to see how much 
help can be obtained from this concept 
toward increasing the understanding of the 
behaviour of cavitation. 

If the effect of size be considered on this 
basis, some simple inferences can be drawn. 
Consider first a liquid containing an ample 
supply of large nuclei. (It will be remem- 
bered that the nuclei are considered large 
if visible cavities form as soon as vapour 
pressure is reached.) To all intents and 
purposes this liquid behaves as an idealised 
liquid of zero tensile strength. There is no 
reason to expect any appreciable scale 
effect with such a liquid; that is, laboratory 
and field equipment should have the same 
cavitation performance. Furthermore, in 
the laboratory the same results should be 
obtained at different velocities or with dif- 
ferent sizes of apparatus. Under such 
conditions the cavitation characteristics will 
be a function purely of the geometry of the 
body; the properties of the liquid have no 
effects. 

Consider next a liquid containing an 
ample supply of small nuclei, so small 
that the time required to form a macroscopic 
cavity would represent an appreciable dis- 
tance of travel along the surface of the body. 
If a series of bodies of the same geometric 
shape but of different size were tested for 
cavitation characteristics in a stream of 
this liquid at a series of different velocities, 
a definite pattern of performance would be 
expected. Assume first that all the bodies 
were tested at the same speed. Since the 
time required for a fluid element to pass 
through similar pressure zones will vary 
directly with the size of the body, it would be 
expected that for equal values of K less 
relative amounts of cavitation would be 
observed on the smaller bodies and, further- 
more, that the smaller bodies would have 
lower values of K;, that is, they would have 





§ This statement assumes sufficiently high Reynolds 
numbers to ensure similarity of velocity distributions. 
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Rouse and McNown, 1948. 
Fic. 12—Pressure Distribution on Family of Ogive Noses 


higher resistance to cavitation. In large- 
scale field equipment operating with liquid 
containing the same size and concentration 
of nuclei, it would be expected that this 
trend would continue: the larger the equip- 
ment the higher the K, and the poorer 
the effective cavitation resistance. 

It is a little more difficult to predict what 
might be expected to happen if one given 
body were tested in the laboratory at a 
series of different velocities. For the same 
value of K with the higher velocities, the 
time of traverse of the low-pressure zone 
will be shorter, since it is inversely propor- 
tional to the velocity. On the other hand, 
for the same value of K, the absolute pressure 
differences will increase with the square 
of the velocity. These effects are in opposite 
directions, since the decreased traverse 
time tends to reduce the amount of cavita- 
tion; whereas, the greater pressure dif- 
ference tends to increase it. There are 
some physical and analytical reasons to 
believe that the effect of the pressure is 
more significant than that of the time. If 
this is true, then K, should rise and the 
relative amount of cavitation for a given 
K value should increase as the velocity is 
increased. Figs. 8 and 9 show the measured 
value of K; for two series of different sized 
models, each tested at several different 
velocities. The experiments on which Fig. 8 
is based were made by Kermeen of the 
Hydrodynamics Laboratory, California Insti- 
tute of Technology (Kermeen, in Parkin, 
1951), and those used in Fig. 9 were made 
by the author. In each series the models are 
geometrically similar. In Fig. 8 the body 
is a cylinder with a hemispherical nose. 
In Fig. 9 it is a cylinder with a 1-5 calibre 
ogive nose. The test runs of Fig. 8 were 
taken over a considerable period of time 
interspersed with other experimental pro- 
grammes, which use the same facility. Some 
of the runs of Fig. 9 were taken before and 
some after the entire charge of water in the 
system was changed. It is-probable, there- 
fore, that within each series the average 
size and concentration of the nuclei varied 
appreciably and major changes might have 
taken place in these two quantities between 
the two series. 

At first sight it appears that in each series 
there is evidence of some systematic dif- 
ference between the curves for the different 
sized models. However, in each series 
there are also runs on the same sized model 
that differ in value as much as the total 
spread between the runs for the different 





sized models. Furthermore, the direction 
of this trend is not consistent between the 
two series. Thus the question may be raised 
whether the differences shown between the 
characteristics of the various models are 
due to the variations in size or to differences 
in the properties of the water used in the 
individual runs. In both diagrams the 
full-line curve is the average for all of the 
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runs. Since both of these curves show 
the same type of variation of K; with dy 
and since it is in the direction to be expected 
from the reasoning just advanced concer. 
ing the properties of nuclei, it seems probabl, 
that this represents the basic relation between 
K;, the guide surface size, and tlie flow 
velocity. 

As this evidence indicates a pronounced 
scale effect, it would be valuable to hay 
some measure both of the magnitude of this 
effect and its variation with changes in size 
and velocity. Both Figs. 8 and 9 include 
a horizontal dotted line Ky showing the 
value of K; as determined from the pressure 
distribution on the surface. This can be 
considered as a limiting K; as the body size 
approaches infinity. Reflection will show 
that the difference between this value and 
the observed value of K; is proportional 
to the effective liquid tension acting to cause 
the cavity to form and grow. When the 
concepts and method used by Lord Ray. 
leigh to calculate the time of collapse of g 
cavity are applied to estimate the time of 
growth of a nucleus to a small finite cavity, 
it is found that this time is proportional 
to the cavity size divided by the square root 
of the pressure difference causing the growth. 
Except for small radius ratios of cavity to 
nucleus, the relation may be expressed as 
follows :— 


vie ) — constant a = co» (H 
° 
where ¢ is the time of growth of nucleus to 





(a) Square-ended cylinder, K=0-29. 








(c) Special curve, K=0-18, 


FIG. 13—Cawity on Afterbody 
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radius Ro and Ap is the effective liquid 
tension, that is, the pressure difference 
causing growth. In accordance with the 
previous remarks, Ap may be expressed as 
2 
Ap =(Kp—Keey =AK ra) 
where Kp is the value of K;, as estimated 
from the pressure distribution diagram and 
K, is the value of K; determined from a 
given test. The time available for growth 
may be considered to be the length of the 
negative pressure zone on the body at the 
relative pressure level K,, divided by the 
fow velocity V. An examination of the 


Angle of attack —4 deg. 


0 deg. 
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observed that these noses are arranged in 
the order of increasing fineness, from the 
square-end cylinder to the 2-5 calibre 
sphereogive. Fig. 12 shows the pressure 
distributions on a family of ogive noses 
which includes several of the models shown 
in Fig. 11. These pressure distribution 
measurements were made at high enough 
pressure to ensure no cavitation. A careful 
study of this diagram shows that the area 
over which the pressure is positive is greater 
for the blunt-nosed shapes than for the finer 
nosed shapes, while at the same time the 
magnitude of the negative pressure is greater. 


+4 deg. 
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case of operation with a cavitation parameter 
of zero, the negative pressure zone is elimi- 
nated. 

In the examples shown thus far cavitation 
has occurred toward the front end of a 
guiding surface. The pattern for these 
cases has been that there is an initial pressure 
rise which causes the flow to move away 
from the surface. This is followed by the 
cavitation-producing pressure drop as the 
guiding surface curves away from the newly 
established direction of flow. Another very 
common flow condition in which cavitation 
is often observed is that in which the guiding 


+8 deg. +12 deg. 





K=0+30 


K=0-30 
Upper surface 


K=0-27 K=0-29 





K=0-26 K=0:-26 


(a) (b) 


K=0-26 
Lower surface 


(c) 


K=0-29 


K=0-30 


(d) (e) 


Fic. 14—Effect on Cavitation of Variations in Angle of Attack for Hydrofoil N.A.C.A.—4412 


series of pressure distribution diagrams 
shown in Fig. 10 shows that this length is 
roughly proportional to d1/(AK), where d 
is the body diameter. If these expressions 
for time and pressure difference are sub- 
stituted into equation (1) it becomes 


dy(AK), 
Sy VIAKYN 


Le as = 9.4K constant (3) 
R, R, 
If the cavitation photographs of the tests 
(Fig. 9) are examined it. is apparent that 
the average cavity size at incipient cavitation 
varies both with the diameter of the model 
and the flow velocity. Apparently the 
larger the model and the lower the flow 
velocity the larger is the average cavity 
size. However, these variations do not 
seem to be linear with d and V but are 
apparently less rapid. If the arbitrary 
assumption is made that RR, varies as 
V(d/V) then equation (3) becomes 

d.AK 

V(a/V) 
Values of AK+/(d/V) are calculated from 
the data of Figs. 8 and 9. The results, 
plotted against the product dV, are shown in 
Fig. 10]. It is seen that both series are 
constant within 10 per cent. This suggests 
the tentative use of equation (4) for predict- 
ing the effect of changes in scale on the 
inception of cavitation. For this use, d 
would represent a characteristic dimension 
of the body or flow passage, and V the 
associated velocity. 

Effect of Shape on Cavitation Charac- 
teristics.—Fig. 11 shows the fully developed 
cavities produced on cylindrical bodies 
having different nose shapes. It will be 


=AK4/(dV)=constant . (4) 





The product dV was selected for this calculation 
and diagram instead of the Reynolds number, Re, 
because the assumed characteristics of the nuclei do not 
involve the viscosity and the density of the liquid. 
The use of Reynolds number would have the advantage 
of making the equations dimensionless. The laboratory 
experiments throw new light on this choice since the 
temperature of the water was practically constant for 
all of the investigations. 


The kinematic requirements are the same in 
all. The liquid must be moved laterally 
relative to the solid body just far enough to 
permit the body to pass through the liquid 
or the liquid to pass around the body, 
depending upon which is considered moving 
and which fixed. 

One way of interpreting the effect of the 
body shape on these pressure diagrams is 
to say that more than enough force (positive 
pressure) is applied by the blunter bodies 
to the liquid and that consequently a high 
force in the opposite direction (negative 
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FIG. 15—Cavitation Characteristics of Hydrofoil 
N.A.C.A.—4412 
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pressure) must be exerted to prevent the 
liquid from going too far. From this point 
of view the ideal nose shape would apply 
just sufficient force to the liquid to cause 
it to move out of the way of the body without 
requiring any negative force to keep it 
from going too far; that is, the pressure dis- 
tribution diagram would fall only to the 
zero line but would not go below it at any 
point on the body. It is interesting to note 
in passing that the pressure distribution 
on the new laminar-flow airfoils approaches 
this ideal. If Fig. 11 is re-examined, it will 
be observed that the maximum diameter 
of the cavity is largest for the square- 
ended cylinder and decreases as the fineness 
of the end increases. This is very consistent 
with the concept just discussed since the 
negative pressure zone is greatly reduced 
by the cavitation. Indeed, in the limiting 


surface curves away from a parallel flow. 
In this case there is no pressure rise. Since 
the pressure in the parallel flow is fixed, 
the pressure on the curved surface must 
decrease until the pressure gradient required 
to cause the liquid to follow the surface is 
obtained or until cavitation ensues. Fig. 13 
gives examples of cavitation produced under 
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Fic. 16—Lift and Drag Characteristics of Hydrofoil 
N.A.C.A.—4412 


these flow conditions. Although the physical 
configuration of the guiding surface is quite 
different in the two flow conditions, the 
reason that cavitation takes place is still 
the same; that is, there is not enough avail- 
able force to cause the liquid to follow the 
surface as the latter curves away from the 
prevailing direction of flow. 

In this discussion it is assumed that there 
is no general pressure rise in the direction 
of flow. In the case of a diverging passage, 
such as the recovery section of a Venturi 
meter, there is such a general pressure rise. 
This decreases but does not necessarily 
eliminate the possibility of cavitation, since 
the general pressure rise may not be great 
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enough to keep the pressure on the diverging 
surfaces from falling below vapour pressure. 

The illustrations presented thus far show 
bodies oriented parallel with the flow. 
However, most guiding surfaces do not 
operate in this manner, but are oriented 
with a finite angle of attack at the leading 
edge. This has a pronounced effect on the 
cavitation characteristics of the flow system. 
Fig. 14 shows the effect of variations in 
angle of attack on cavitation for a hydrofoil 
operating under severe cavitation conditions. 
These photographs were selected for as 
nearly the same flow velocity and cavitation 
parameter as could be obtained, the angle of 
attack varying from positive to negative. 
It will be observed that for positive angles 
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of attack, cavitation occurs on the upper 
surface of the hydrofoil, and for negative 
angles of attack, on the lower. Fig. 15 
shows the effect of variations in angle of 
attack on the inception of cavitation on 
this airfoil (N.A.C.A.—4412). As would be 
expected, the cavitation resistances of the 
two surfaces are not the same since this is 
not a symmetrical section. This asym- 
metry also explains why the optimum angle 
of attack for cavitation resistance is not 
zero but —1-5 deg. Fig. 16 shows the lift 
and drag characteristics of this airfoil. 
It will be noted that —1-5 deg. is by no 
means the. zero lift angle for this airfoil, 
although it is nearly the minimum drag 
angle. 


(To be continued) 
British Standard 164—1952 
(Contributed) 


On page 606 notice is taken of the issue by the British Standards Institution of a 


draft revision of B.S. 164, “ Limits and Fits for Engineering.” 


comments upon the new draft. 


aS had several years’ experience 
with the I.8.A. tolerance system, both 
on metric drawings and using a translated 
inch version of the standard, it is a great 
pleasure to know that the British Standards 
Institution has issued for comment a revised 
tolerance standard based on this system. Some 
of the factors which go to make up a good 
tolerance system were referred to in a recent 
article in THE ENGINEER.* 

No tolerance system is perfect, but the 
1.8.A. is certainly the latest and best. Many 
Continental experts, such as Mr. Nicolau, of 
France, and Mr. Tornebohm, of the Swedish 
S.K.F. Company, have co-operated for the 
last twenty years in its preparation and con- 
tinued development. The- system can, in 
fact, be said to be the result of the combined 
engineering skill of France, Sweden, Germany, 
Switzerland, Italy, Belgium and Holland— 
certainly an impressive array of talent. 

The new document has been drawn up well 
and thoroughly. It has obviously been 
difficult to convert microns into tolerance 
units suitable for manufacture by the inch 
system where production engineers would 
not look happily on any unit much smaller 
than 0-00lin or 0-000lin for general use. 
Apart from the differences in fits which the 
new standard involves, there is little practical 
difference in the general type of tolerances 
to be used as between the new standard and 
good present British practice. The only 
problem which some engineers may meet is 
that there is no proper provision in the I.8.A. 
system for a symmetrical bilateral hole— 
something which only a minority of engineers 
want to use anyway. 

The IL.S8.A. system is certainly compre- 
hensive and complicated viewed in its 
entirety. However, it is quite wrong to 
consider all combinations of fits which would 
be possible as it was never intended to use 
more than three holes and an adequate 
range of shafts for general engineering. In 
fact, the range of shafts is strictly com- 
parable with the current B.S. 164 system 
except that it has been extended in either 
direction giving shafts of great interference 
and great clearance. Reference is made 
below to a simple limited range of fits for 
initial use, even briefer than that suggested 
in the standard. 

The standard lists preferred diameters. 
It is a great advantage for design and pro- 





*“ The Requirements of a Good Tolerance System,” 
THE ENGINEER, July 20, 1951. 
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duction to have a series of standard diameters 
which should be used as first choices with 
second and third choices available for special 
needs. The publication in the standard of 
a rational series of decimal diameters is 
something: to be welcomed by all engineers, 
and should serve as another “nail in the 
coffin ’’ of the absurd fractional system which 
Anglo-Saxon engineers hold on to for 
unknown reasons. The continued use of 
small fractions such as #;in which have to be 
converted to four decimal places (e.g.,0-0625), 
before they can be manufactured is only 
explained by conservatism on the one hand 
and the lack of a national standard for 
decimal sizes on the other. The new draft 
includes a preliminary national standard. 

The following brief comments on some of 
the main fits of the system are based upon 
several years’ experience with it and may be 
of interest to engineers who are considering 
using the system. 

HOLES 

The following is a summary of the uses 
of the various qualities of unilateral hole H 
from H 5 to H. lu “— 

H,: this can only be produced by preci- 
sion boring or lapping with the finest work- 
manship. 

H, (Corresponds with B Hole m BS. 
164: 1924): this can be produced by fine 
grinding or honing, and possibly hand ream- 
ing. It is used for precision bearings, bushes, 
spigots, &c. 

H,: this is the standard high quality hole 
produced by grinding, broaching, or high 
quality turning and careful reaming. It is 
generally used for high quality work. 

H, (Corresponds with U Hole in B.S. 
164: 1924): this is the standard hole pro- 
duced by all normal accurate machine 
processes for good quality products. 

H,: this is suitable for coarse quality 
diameter fits only, but is used on high quality 
products for milled or slotted widths. 

Hy: this is not normally used for dia- 
meter fits, although it can be used for drilled 
holes. It is used for milled widths on unim- 
portant parts. 

H,,: this is for coarse drilled, punched or 
pressed holes on non-fitting parts. 

CLEARANCE Fir Swarts 

The standard clearance fits are:— 

g: this is the fit with least clearance, the 
minimum clearance being rather small for a 
normal working bearing. 
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f: this is the first fit intended for age 
as a normal working fit. It is widely ugeq 
as a normal grease or oil-lubricated bearing, ' 

e: this is intended for use on loose clear. 
ance fits. 

d: this is intended for appreciably loose 
fits on less accurate work. 

c, b, a: these three fits are of increagj 
clearance and are not widely used; they 
are useful for special purposes. , 


TRANSITION Fits 


The following are the standard transition 
fits :— 

h: this is the particular fit where the 
upper shaft limit is zero and therefore the 
same size as the shaft lower limit. In prac. 


0:002|- 
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SIMPLIFIED SELECTION OF FITS FOR 
AVERAGE USE 


tice the probability is that the fit will be one 
of slight clearance. This fit is widely used 
for non-running parts, such as bolts, or even 
parts which must occasionally rotate (par- 
ticularly on cheaper products). 

j: this is a true transition fit averaging 
a slight clearance. 

k: this is a true transition fit averaging 
virtually no clearance being nearest in size 
to the hole H itself. 

m: this is a true transition fit averaging 
some slight interference and giving appre- 
ciable interference on extreme sizes. 

n: this is a true transition fit averaging 
some interference and giving clearance only 
on extreme sizes. 


Press Firs 


The L.A. system quotes a full range of 
press and shrink fits likely to cover all 
requirements. Adequate justice to this 
question cannot be done briefly. 


SIMPLIFIED SELECTION OF Fits 


A considerably simplified selection of fits 
which will cover perhaps 90 per cent of those 
required on many straightforward machines 
is given in the table and may be of interest, 
particularly to those firms which at present 
use the Newall system. It may serve as an 
introduction to the I.8.A. system, and it can 
be extended by the addition of other fits as 
experience dictates. 


Simplified Selection of Fits 











Holes... «0 a H, Precision hole 
H, Normal hole 
Shaft fits Hy /e, Free clearance fit . 
H, 8 Normal running fit 
H; If, Precision running fit 
Hg |h, Location or spigot fit 
H, |p, Press fit 











The diagram shows these fits graphically. 
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Crankcase Explosions 


INSTITUTION 


T a general meeting of the Institution of 
A Mechanical Engineers last Friday, April 
yth, the following Internal Combustion 
Engine and Steam Groups’ paper was pre- 
gnted and discussed :— 
gXPLOSIONS IN ENCLOSED CRANKCASES 

OF RECIPROCATING ENGINES: THEIR 

CAUSE, EFFECT AND POSSIBLE REMEDY 

By Joun Lams, M.I.Mech.E.* 

In this paper the important problem of crankcase 
explosion prevention in practice is treated. After 
dealing with the cause of such explosions the author 
concludes that, whilst much can be done to minimise 
explosions, to prevent them altogether is not 

practicable. The merits of ventilation of crank- 

cases are discussed and ways are suggested to pre- 
vent bearings running hot, while means to detect 

s temperature rise in inaccessible bearings and 

pistons are described. — : ‘ 

Tests carried out with the object of preventing 
injury to personnel and damage to property in the 
event of an explosion are described. A relief valve 
which opens and closes instantly is described and 
illustrated. The danger of burning gases issuing 
from relief valves is discussed, and the experiments 
are described which resulted in the evolution of a 
simple but effective flame trap. ; 

Relevant particulars are given of a diesel engine 
in which two crankease explosions took place, 
one before and one after a relief valve was fitted. 
The gas pressure in the crankcase when damage 
resulted is estimated and views are expressed regard- 
ing the relation of crankcase cubic contents to the 
area of relief devices. 

Discussion 

Mr. C. C. Pounder said that in the paper 
the author stated: ‘‘ After dealing with the 
cause of such explosions, the author con- 
cludes that, whilst much can be done to 
minimise explosions, to prevent them alto- 
gether is not practicable.” With that out- 
look he did not agree. The medical pro- 
fession had added, for better or for worse, a 
decade to the expectation of human life by 
their attack on germs and viruses and what 
not, and had made the whole world habitable 
to man. In this age the astronomers had 
peered out into the remote depths of the 
infinite and catalogued the hundreds of 
millions of nebulze of which our solar system 
was an infinitesimal part. In this age also 
the physicists had probed the infinitely 
small and split the atom. If engineers could 
not deal effectively with explosions of a 
few litres of lubricating oil in a crankcase, 
the Institution should no longer be called 
the Institution of Mechanical Engineers, but 
the Institution of Pig-Iron Polishers ! 

As far as he knew, Lloyd’s had made no 
pronouncement upon the strength and stiff- 
ness of crankcase doors. According to the 
best-informed opinion of explosion experts, 
he gathered that the maximum realisable 
explosion pressure in a crankcase could not 
be more than 7 to 8 atmospheres. For the 
last four years the doors of all Harland and 
Wolff engines for which he was responsible 
had been made stout enough for 120 lb per 
square inch, and this practice continued. 
He had been a member of Lloyd’s Panel 
to which had been entrusted the revision of 
the heavy oil engine rules last year. The 
figure quoted by the author of 1 square inch 
per 5 cubic feet of volume [as the area of a 
device provided for the free escape of excess 
pressure] was a compromise. He had himself 
made no comment whatever in the course of 
the discussion on that point, but he would 
have supported a figure even as low as 1 to 
10. In his opinion, the important thing 


had been to get a clause into the rule book ; . 
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the precise figure could be revised, perhaps 
more than once, in times to come in accord- 
ance with Lloyd’s procedure. 

On page 5 of the paper there was the state- 
ment that in the prevention of injury to 
personnel and damage to property as a 
result of crankcase explosions two problems 
were involved. He submitted to the author 
that there were not two but three problems. 
The first problem was to prevent the growth 
of explosion conditions.. Over the years 
many alternatives had been thought of and 
none had been satisfactory. Again and 
again he had come back to the idea of 
the possibility of smoke detection, i.e., to 
adopt the principle, in a refined and more 
sensitive form, with which they were familiar 
in the holds of cargo ships. Wherever heat 
was generated there must be little wisps of 
smoke which began very tenuously and 
tentatively. It was in this incipient stage, 
when the smoke was almost in its embryonic 
form, that he thought it could be detected 
and either a bell rung or a light shone and a 
seal applied. If that were done—and he 
believed it could be—the problem would be 
solved. Recent experiments had shown 
that there was a possibility of putting on the 
market in a year or two, perhaps, a practical 
and sound commercial arrangement. He 
had had the privilege and pleasure of seeing 
such experiments a couple of weeks ago, and 
they had seemed to him to be promising. 
Then, of course, if that system failed in an 
engine, there were the relief doors to fall 
back on. 

Mr. P. L. Jones said that the author 
described many interesting investigations 
and researches into the possible causes of 
crankcase explosions, and it seemed clear 
that these could only occur if two conditions 
were present at the same time—the existence 
of a hot spot and the presence, near the hot 
spot, of a gaseous mixture of the right 
composition. From the very small percent- 
age of explosions which had been reported 
hitherto, it followed that the probability of 
those two conditions being co-existent was 
rather a remote one. Nevertheless, when 
such explosions did occur, the results might 
be very disastrous. The problem seemed to 
him to reduce itself to so arranging matters 
that the two prerequisites for an explosion 
were never present at the same time. As 
regards the hot spot, those who had had 
experience of enclosed engines of any kind 
knew that it was virtually impossible to 
safeguard against it, no matter how well 
designed the engine might be or how well 
tended it might be in operation. If explo- 
sions were to be ruled out altogether, there- 
fore, there seemed to be only one real solution 
—to ensure that the gaseous mixture in the 
crankcase ‘could never become inflammable. 
For that reason, some years ago he had had 
inquiries made into the possibility of produc- 
ing a non-inflammable lubricant, and he 
had said at that time that it would not 
matter greatly if the lubricating qualities 
were slightly inferior to those of the usual 
oils. He had been informed, however, that 
it was not at that time possible to produce a 
really satisfactory lubricant which would 
not contain inflammable ingredients. 

Dr. 8. L. Smith said that the British 
Shipbuilding Research Association, in 
collaboration with the Imperial College, 
had defined the two conditions in which the 
oil might be present in suspension in the 
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crankcase as (1) “spray,” ie., large drops 
above 20 microns caused by mechanical 
dispersion of the oil, and (2), “ mist,’ chiefly 
caused by the condensation of oil vapour in 
the gas phase. It was necessary to keep the 
two things quite separate in their minds so 
that they would know which they were 
talking about. The tests which the British 
Shipbuilding Research Association had 
carried out had shown that under normal 
conditions the crankcase atmosphere con- 
sisted mainly of mechanically dispersed 
spray. It was at present examining the 
combustion properties of oil particles of the 
same size as those mechanical sprays in 
order to ascertain whether there was an 
explosive mixture in the crankcase under 
normal running conditions, although, of 
course, the weight of oil present in the crank- 
case was fully sufficient for combustion. 
Under running conditions, a certain amount 
of condensed mist might be expected to be 
present in the crankcase because lubricated 
parts of the engine tended to be at tempera- 
tures above the crankcase atmosphere ; 
the Association had confirmed this by some 
tests carried out at sea on a particular type 
of marine engine. The percentage con- 
centration of those condensed mists, how- 
ever, under normal running conditions was 
very small, very much lower than the lower 
limit of inflammability. Referring to the 
author’s comments on the conditions in the 
crankcase prior to an explosion, it was 
thought that in the event of a serious over- 
heating of a lubricated part the condensed 
mist formation would be accelerated and 
could proceed as long as overheating of the 
part and the supply of oil to it continued. 
This condensed mist which they believed to 
be the main explosion hazard was often 
referred to by engineers as smoke and, as 
stated by the author, was recognised as a 
sign of overheating. Tests had shown that 
with concentrations below the lower limit 
of inflammability, the condensed mist had 
a high optical density. For example, a 
concentration of about 1 per cent of that 
required to cause an explosion, when viewed 
with a powerful searchlight, had the appear- 
ance of light scattered from a headlamp beam 
at night in a fog with visibility about 30 to 
40 yards. It would appear, therefore, that 
there might be sufficient time available to 
enable the engineers to shut down the 
machinery before the mist reached explosive 
proportions. As regards the upper limit of 
inflammability of mists, this was very 
difficult to reach, and it would therefore 
appear that once this mist had been formed 
in quantities above the lower limit of inflam- 
mability, it constituted an explosive hazard 
irrespective of the total quantity of. oil 
present. The author had pointed out the 
wide divergence of opinion between the 
classification societies in England and 
America on the requirements for relief 
valve areas for crankcases. The Association 
was at present carrying out extensive 
experiments on a large pressure vessel using 
condensed lubricating oil-air mists of known 
concentration. It was hoped in those experi- 
ments to confirm theoretical data obtained 
from the laboratory combustion experiments 
on oil mists. In addition to the tests on 
relief valve areas, it was hoping to carry 
out a number of tests on crankcase relief 
valves at present being used on marine 
engines. 

Eng. Rear-Admiral J. D. Hoare said that 
at B.I.C.E.R.A. some experimental work 
had been done on the subject of the paper, 
and he trusted that the author would not 
mind if, on the strength of this, he addressed 
some remarks to the meeting in an attempt 
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to consolidate ideas on hot spots and 
pressures. Having gathered information 
and experience by using pressure vessels 
somewhat on the lines shown by one of the 
author’s illustrations, they had proceeded 
to experiments on a running engine. It was a 
V engine. The crankcase was 9ft long 
and the fourth lower door from the right 
had been fitted with an ingrowing tophat 
which, heated by an oxy-propane flame, 
served as the hot spot. As they had wanted 
to study the causes and not the effects of 
explosions, they had aimed at numbers of 
explosions rather than size, and accordingly 
they had replaced seven of the crankcase 
doors by spring-loaded safety doors. They 
had found that it was necessary to have a 
temperature of the hot spot of 1500 deg. 
Fah. or more in order to get any explosion 
at all. In some earlier experiments, in a 
pressure vessel, they had found that they 
could get a straight explosion at somewhere 
nearer 1200 deg. Fah., but in the running 
engine certainly nothing had happened below 
1500 deg. Fah. 

As regards pressures, these had been kept 
very low by means of relief doors, but some 
interesting experiments had been carried out 
in America with mixtures of propane and 
air in an 8 cubic foot pressure vessel. With 
the vessel entirely closed, they had obtained 
a maximum pressure of 102]b per square 
inch, which he believed was about the 
theoretical maximum possible. Such pressure 
would clearly not be obtainable in a running 
engine. It would be more than miraculous 
if an explosive mixture of oil vapour and air 
became distributed throughout the crankcase 
before ignition. For that reason, he suggested 
that the American Navy’s specification, 
referred to in the paper, called for an 
unnecessarily high design pressure. He 
suggested to the author that consideration 
be given to ascertaining the effect of pro- 
gressive reduction of relief area. In the 
experiments at B.I.C.E.R.A. they had pur- 
posely altered the relief area by providing 
420 square inches. The crankcase volume 
was about 50 cubic feet, so that the relief 
area available was 8-4 square inches per 
cubic foot. In a series of over fifty explo- 
sions, the maximum pressure which had 
been obtained probably did not exceed 
13 lb per square inch. The slow rate of 
pressure rise was noteworthy, and it seemed to 
refute the theory put forward by the author. 
Another interesting feature of the pressure- 
time diagram was the slow rate of pressure 
drop below zero. If this partial vacuum 
were created by the momentum of the 
release gases, as inferred by the author, it 
would be formed far more rapidly. The 
partial vacuum was far more likely to be 
due to the cooling of the gases by the metal 
surfaces of the crankcase. 

Mr. F. J. Welch wished to state his under- 
standing of the theory of crankcase explo- 
sions and fires. When a petroleum base 
lubricating oil was spread over a metal 
surface not less than about 30 square inch 
area, say, 6in by 5in, which was heated to 
550 deg. Fah. or above and was in the open 
air, a column of vapour commonly called 
smoke was produced wherein a flame might 
be generated by spontaneous ignition. If 
such a hot spot developed in a crankcase, 
whose contents had been so aptly described 
by the author as consisting of atmospheric 
air and oil droplets, the mixture being called 
crankcase mist or mechanical mist, the same 
sort of flame was likely to be produced 
initially. The production of such a flame 
might or might not be accompanied by an 
explosion, depending on the amount of 
vapour or smoke previously produced in 
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relation to the total crankcase volume. If 
the surrounding mechanical mist did not 
have the correct oil droplet size distribution 
or texture, to borrow a word, it would take 
no part in the explosion, which might be 
expeeted to be weak, or might result only 
in a local fire at the hot spot, such as many 
engineers had experienced. It was known 
that lubricating oil spray or mist would 
burn in the same way as boiler fuel in a 
furnace. What was more likely, then, than 
that the flame produced in the crankcase 
would act as a torch to the mechanical oil 
mist, if this mist was of the correct texture, 
as it obviously and frequently was, unfor- 
tunately. Once the mist started to burn, 
the rate of propagation of the flame was such 
that there was a sharp rise of pressure which 
constituted the typical crankcase explosion. 
He put forward this theory to show that the 
contents of the crankcase of an engine 
running normally could -be explosive if 
flame was applied and that it was not neces- 
sarily only the vapour from the hot spot 
which exploded. This theory was supported 
by his investigations. 

He also wished to add a thought on what 
he had called the texture of - mechanical 
mist in different types of engines. Since 
this texture must obviously be affected by 
viscosity, and consequently by temperature, 
quantity, pressure, bearing clearance, speed 
of moving parts, radius of edges, particularly 
of moving parts, and general layout, it was 
impossible to forecast the result with any 
certainty. Analysis of size of oil droplet 
in the running engine to determine its 
explosive quality when a large flame was 
applied was unfortunately difficult, and 
unless the scientists could solve that problem 
it must be assumed that crankcase oil mist 
was inflammable and therefore explosive 
when ignited by flame. 

Since there was such an obvious incentive 
to produce a non-inflammable lubricating 
oil both for use in the air, on land and at 
sea, he hoped they could be assured that this 
solution to the problem was under active 
consideration by the petroleum technologists. 

Mr. R. C. J. Benson said that the author 
pointed out the wide divergence of views 
of the two classification authorities on the 
requirements for relief venting and com- 
mented on the absence of reliable data. 
During the past few years, he had himself 
been particularly concerned with the problem 
of relief venting, and he agreed with the 
author that there was very little available 
data. He had been able to trace only five 
sets of experiments on relief venting. But 
one conclusion was fairly obvious, and that 
was that for low relief pressures of the order 
required for marine engines it was necessary 
to provide large relief areas. 

Mr. H. Desmond Carter said that, after 
having admired the author’s ingenious flame 
trap and been rather awed by Mr. Pounder’s 
details of crankcase explosions, he thought 
that on the whole they could be immensely 
encouraged by the paper and the discussion, 
because if one put all the pieces together it 
seemed that in one way or another they had 
a complete answer to crankcase explosions. 
One could prevent damage to the engine by 
having relief valves, and one could prevent 
flame from injuring personnel by a gauze 
flame trap, or some development thereof. 
He admired the engineering simplicity of 
the author’s flame trap, as well as its effec- 
tiveness, and he hoped that further tests 
would prove that it did do the job 100 per 


cent. Violent crankcase explosions primarily 


concerned the rather large engines, but 
nevertheless smaller engines did come into 
the picture—say, from 2000 h.p. downwards 
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—and one had to be very concerned with it 
for one reason because Lloyd’s had now laid 
down some new rules. He wished to cross 
swords with Lloyd’s in going so low as a bin 
bore cylinder. In his experience, he had 
never known a crankcase explosion wiiich haq 
dislodged a crankcase door or any part of 
the engine on a cylinder smaller than 10jp 
His organisation made one range o! engines 
with 7in bore cylinders. In retrosy ct they 
realised now that they had had rankeagg 
explosions, but they had not known it gt 
the time. He would have sympa'iy with 
Lloyd’s in perhaps making one or two simple 
requirements in regard to crankca: doors 
on 7in bore cylinders—that they should be 
of steel—but he felt that they were making 
unnecessary complication and addins: expense 
when dealing with export engines whic! could 
well be avoided. Coming to the larger 
engines, on a 14}in diameter cylinder engine 
they had had one case of an appreciable 
crankcase explosion which had blown out 
the doors, but had not injured the personnel, 
On 10}in bore, four-cycle engines they had 
had only one explosion, which had occurred 
last week in South America. This was the 
only case of damage to personnel which they 
had had, and in that case some sand had got 
into the engine, the big-ends had got into 
trouble, and an explosion had occurred which 
had shattered the crankcase doors and 
broken a man’s arm. Arising out of the 
general discussion of crankcase explosions, 
they had taken the following action. They 
had fitted all their engines of 10}in bor 
cylinders upwards with a very light type of 
blow-off valve. He thought that the emphasis 
should be on the quick closing action of 
these valves. The weight was only a fraction 
of an ounce, and each valve was built up ina 
nest of six, one after another; the seatings 
had a plain back curved to allow the valve 
to lift, so that there was a }in gap, and in 
effect there was a series of panels gin wide, 
with jin gap at the end. He was rather 
hoping that this might cool the gases and 
shorten the length of flame. 

Mr. John Lamb made a short reply and 
the meeting ended. 


Royal Aeronautical Society’s 
President 


THE Royal Aeronautical Society has 
announced the election of Mr. G. H. Dowty, 
F.R.Ae.S., as its president for the year 1952-53. 
He will take office at the annual general meeting 


on May 7th. Mr. Dowty has had a long associa: ' 


tion with the Society, having been elected 4 
student member in 1918, an Associate Fellow 
in 1926, and a Fellow in 1937. Subsequently, 
he became a vice-president of the Society and 
is a member of a number of its committees, 
including the future policy committee, and the 
finance and journal committees. Mr. Dowty 
is an Associate Fellow of the Institute of the 
Aeronautical Sciences of America, and was one 
of the founder members of the Institution of 
Aeronatical Engineers, which was amalgamated 
with the Royal Aeronautical Society in 1927. 
He was educated at the Royal Grammar School, 
Worcester, and during the years 1916 to 1931 
was with Heenan and Froude, Ltd., the British 
Aerial Transport Company, Ltd., T. Cook and 
Sons, Ltd., the Dunlop Rubber Company, Ltd, 
A. V. Roe and Co., Ltd., and Gloster Aircraft 
Co., Ltd. Mr. Dowty has been concerned with 
the development of undercarriages since about 
1922, and was the inventor of one of the early 


deck-landing arresters produced in this country. 


Hs is now chairman and managing director of 


Dowty Equipment, Ltd., which he founded in’ 


1931. 
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Iron Atoms in the Service of the 


Electrical Engineer" 
By SIR CHARLES GOODEVE, D.Sc., F.R.S. 


RON or its offspring, steel, has a very wide 

application in electrical engineering. Depend- 
ing on its composition and heat treatment, 
jon may be soft and ductile or hard and 
strong, corrosion resistant with good mecha- 
nical properties at high temperatures and 
magnetic or non-magnetic. What manner of 
atom is this that dominates the metallurgical 
world to such an extent that all other metals 
are called ‘‘ non-ferrous’? The neutral atom 
has twenty-six electrons and, of course, its 
nucleus has twenty-six positive charges. The 
nucleus itself is made up of twenty-six protons 
and generally thirty neutrons. (The number of 
neutrons in the isotopes of iron may be a few 
more or less than thirty. The atom is there- 

fore not a very heavy one and indeed, in a 
“table of elements,” it lies a little more than 
one-quarter of the way up.) 

When any element is formed from protons 
and neutrons there is a loss of mass which is 
equvialent to the binding energy of the nucleus. 
For its weight the iron atom has just about the 
largest mass loss of any element. This means 
that it is one of the most stable of all the 
elements and perhaps this accounts for its 
prevalence. As you know, iron constitutes 
about 5 per cent of the matter in the earth’s 
crust and possibly more is present in the 
earth’s interior. It is one of the most common 
constituents of meteors. 

Iron nuclei, that is iron atoms stripped of 
their electrons, constitute the heaviest com- 
ponent of cosmic radiation. These nuclei 
strike the earth with a velocity approaching 
that of light, but they rarely penetrate far 
before they lose their energy by collision. 
Where they have come from, how they were 
formed, or how they obtained their energy, 
we do not know. It seems possible, however, 
that iron atoms play just as important a part 
in the cosmic universe as they do in this small 
part of that universe here on earth. 

The iron nucleus, however, has little character 
until it has collected its twenty-six electrons. 
Most of these are pulled into a tightly packed 
cloud round the positive charge at the centre. 
This tight packing is one of the things that 
gives the iron atom in the metallic state its 
very great incompressibility. 

The last two of the twenty-six electrons sit 
moderately remotely from the nucleus in what 
is known as the “4s” state. It is these two 
electrons that give iron its metallic character ; 
they are readily available to form salts or to 
act as a flux to hold the metal together and 
they are responsible for the conductivity of 
the metal. They are called ‘‘s” electrons 
because they exist in clouds symmetrically 
arranged. 

There is nothing peculiar to iron in all of 
this, Almost every metal has one or two 
“s” electrons, rarely more and never less. 

It is in the layer immediately below the 
“4s ”’ state, called the “‘ 3d,” that the character 
of iron lies. The ‘‘ 3d” state has space for 
ten electrons, but in the iron atom only six 
of these are filled ; in copper all ten are filled. 
The distribution of electrons in the “3d” 
state is not at all understood as yet, but it is 
known to be unsymmetrical, particularly so 
when a number of the electrons are missing, 
as in the iron atom. This lack of symmetry 
leads to a directional valency effect in the 
solid state and contributes substantially to 
the rigidity of iron. As you will see later, 
it is the basis of the magnetism of iron. 

The chemical properties of any atom are 
due to the outermost, in this case the “ 4s ”’ 
and ‘3d’ electrons. Iron owes its chemical 
and many of its metallurgical properties to a 
nicely balanced affinity for oxygen and for 
carbon as well as for some other elements. If it 
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had had an affinity for oxygen as strong as 
aluminium has, it would be impossible to 
make iron cheaply from iron oxide ore. As 
it is we can make use of the affinity of carbon 
for oxygen so that carbon robs the iron-oxide 
of its oxygen giving metallic iron very con- 
veniently. It is, however, in its affinity for 
carbon that iron is particularly lucky. If it 
had an affinity for carbon as strong as, for 
example, titanium has, one would simply 
produce iron carbide in the blast furnace ; 
in other words, we would be as badly off as we 
were with iron-oxide. If on the other hand 
iron’s affinity for carbon were less than it is, 
much of the versatility of steel would have 
been lost. 

In general we can say on the chemical side 
that iron is a friendly atom, particularly for 
other atoms near its own size and for carbon. 
From the point of view of the metallurgist 
it is, however, not quite selective enough 
because it has a strong affinity for sulphur and 
phosphorus, which elements generally do it 
no good. The chemical properties govern the 
nature of the manufacturing processes and most 
of the changes in the metal after it is made. 
Let us look for a moment at the physical pro- 
perties. When a number of iron atoms come 
together there is a strong attractive force 
between them due to both “‘s” and “d” 
electrons. The ‘“‘s” electrons have increased 
freedom and can wander widely. In doing so 
they can, for wave mechanical reasons, come 
closer to the iron nuclei and thus are bound 
more firmly to the whole system. This results 
in a general cohesive force to the group of 
iron atoms. The ‘“d” electrons can form 
valency bonds by pairing up in the partly 
filled state. 

Most metals are formed in exactly this way 
but some, such as copper and mercury, have 
no “d’” electron vacancies and _ therefore 
have little or no directional valence effect. 
(Others, such as chromium, manganese and 
nickel, are like iron and have partly filled 
““d” groups.) 

The general cohesive force due to the “s 
electrons makes a tendency for all metal 
atoms to pack together as tightly as possible 
in a regular arrangement. This can best be 
illustrated by means of the Sir Lawrence 
Bragg’s famous bubble models, in which 
spherical bubbles represent the ions of a metal, 
that is, the atom after the “‘s” electron has 
been removed, packed together as spheres. 
The ‘‘s” electrons are acting as a general 
cement. For some reason not fully under- 
stood, but possibly related to the directional 
effect of the ‘‘d” electrons, iron does not 
crystallise in an arrangement corresponding 
to the closest possible packing, but one some- 
what near to it. 

Unfortunately, no metals crystallise per- 
fectly. If they did they would be very much 
stronger than they are. No matter how care- 
fully crystals of metal are grown, they always 
have faults, or dislocations as they are called, 
which arise when the crystal grows. Indeed, 
we know that crystals grow almost exclusively 
around dislocations, and recently some beauti- 
ful electron-microscope and multiple inter- 
ference reflection photographs have been 
taken of their effects. Dislocations are also 
formed in the crystal and recently the Bristol 
school has shown that certain kinds of dis- 
locations can multiply themselves during 
deformation of the crystal. 

A few of these dislocations give very pro- 
nounced weakening effect on the crystal. 
If we tried to shear a perfect crystal there 
would be a large resistance, due to all of the 
forces on the atoms acting together. But it 
is many times easier to shear a crystal lattice 
containing a dislocation. The various atom 
bonds are not all pulling together and, indeed, 
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some of them are pulling in the wrong direc- 
tion. It is just as if in a tug-of-war the members 
of a crew all pulled in turn rather than together. 
One can calculate the strength of the perfect 
crystal, and it is found to be many hundred 
times that actually observed in practice. The 
dislocation allows the atoms to jump in succes- 
sion—very rapid succession—and the shear 
motion takes place as a wave or series of waves 
running through the crystal. Without dis- 
locations steel could not be shaped. 

But ordinary steel is much more complex 
than this. It is made of many crystals or 
grains the size of which varies considerably; 
separated by boundaries of considerable con- 
fusion. It also contains important quantities 
of precipitated carbide often as separate thin 
plates with iron in between making grains of 
‘* pearlite.’” The thickness of the plates of 
pearlite and the spacing between them can be 
controlled by the temperature of the heat 
treatment, or by alloying additions. In general 
the hardness and strength of the steel increase 
as the plates and the spacing become finer. 
In other cases, particularly in tempered steel, 
the carbides may be granular, i.e., finely dis- 
persed in the ferrite grains; here again, the 
finer the particles the stronger is the steel. 

Iron carbide, like tungsten carbide, is a 
material of great strength although brittle. 
It is not surprising, therefore, that it makes 
an important contribution to the strength of 
a piece of steel. The exact mechanism as to 
how it works is, however, far from clear. It 
is probable that a good part of the effect is 
similar to the action of reinforcing rods in 
concrete and this is especially true in the 
pearlite grains. 

The finely dispersed carbide particles appa- 
rently operate by their effect on the movement 
of dislocations. The amount of shear that 
each dislocation can give depends on how far 
it can run before it is stopped. It is believed 
that carbide particles and also grain boundaries 
will block the passage of dislocations; a 
carbide particle because it presents a hard 
wall to the advancing dislocation and the grain 
boundary either because it acts as a sink or 
because the different crystal orientation of the 
next grain prevents the passage of the disloca- 
tion. Therefore, for a given concentration, 
the finer the carbide particles the shorter the 
distance between them and therefore the 
shorter the dislocation run. Similarly, the 
smaller the ferrite grain the shorter the run. 
Both therefore increase the strength of the steel. 

There is also one other major effect. Dis- 
locations are of many different types and 
some of these can ‘‘ jam” the movement of 
others. Therefore, while a dislocation can be 
a source of weakness itself, it can stop the 
weakening effect of others or be stopped by 
them. Dislocations are such elusive things 
that we cannot yet determine what is the best 
assortment to have. 

Carbon also has another part to play in the 
ferrite crystal itself. Pure iron will begin to 
yield when a shear stress of 5 to 6 tons per 
square inch is applied to it. When, however, 
it has an appropriate amount of carbon in 
it held in the right places, its strength can be 
increased about threefold. Similar effects 
are observed with small quantities of nitrogen. 


‘Both of these elements are very small in 


diameter and diffuse rather freely through the 
crystal lattice of iron. ‘They tend to diffuse 
into that type of dislocation which is under 
tension or shear stress, and to settle down in 
the interstices between the atoms in the crystal. 
In doing this they act as wedges to fill in the 
gap of the dislocation and thereby lock them 
in place. Indeed, we know that if a piece of 
steel is deformed it becomes slightly softer 
as the locking carbon and nitrogen atoms have 
been left behind in the place where the dis- 
locations were. However, if the steel is left 
for a few days or warmed for a few minutes 
to the boiling point of water, the carbon and 
nitrogen atoms can diffuse to the new position 
of the dislocation and again lock it in place. 
Our picture of the cause of the ductility 
or of the strength of steel is far from complete 
but it is making rapid progress and will soon 
catch up with the vast array of empirical and 
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theoretical metallurgical knowledge. It is 
already helping to point the way to further 
technical advances. 

What does all of this mean to the engineer 
concerned with the design of buildings or of 
towers for electric transmission? We have 
seen that the yield point of pure iron is about 
5 to 6 tons per square inch. Ordinary construc- 
tional steel containing about 2 per cent carbon 
has a yield point of about 15 tons per square 
inch. However, by adding small quantities 
of manganese, about 14 per cent, one can bring 
the yield point up to about 20 tons per sq. in. 

These steels permit an increase of about 
25 per cent in the permissible working stresses 
and enable savings of 15 to 20 per cent-to be 
effected in the weight of structures of com- 
parable strength. This has valuable applications 
in electrical engineering, and an important 
feature of the new tower design for the future 
275kV grid scheme is the use of high tensile steel. 
The use of 60 per cent of this steel has per- 
mitted the construction of double circuit 
towers of the same total weight as the mild 
steel single-circuit towers employed in the Stay- 
thorpe-Sheffield .experimental section, thus 
contributing to the reduction of the capital 
costs and the improved use of wayleaves 
inherent in double-circuit construction. 

Steels of still higher yield point of up to 
30 tons per square inch have been produced 
commercially by adding small amounts of 
chromium, nickel and molybdenum to the 
manganese steel, sometimes coupled with 
heat treatment. A further recent develop- 
ment has been a steel containing about 0-003 
per cent boron and about 0-5 per cent molyb- 
denum, in which the yield point is raised to 
about 32 tons per square inch while retaining 
good ductility and toughness. 


HieH TEMPERATURE STEELS 


The electrical engineer is very much inter- 
ested in higher temperatures for high-pressure 
boilers for superheaters and for turbines. 
Steel when subjected to a moderate stress at 
temperatures above 400 deg. Cent. (750 deg. 
Fah.) exhibits the phenomenon of creep— 
the metal slowly and steadily distorts in the 
direction of the stress. All metals show this 
at one temperature or another, and many of 
them creep at quite low temperature. 

The rate of creep increases with both the 
temperature and the applied stress and is 
proportional to: 

—(U—ca) 

ke ° 

This relation indicates the basis of the pheno- 
menon. The atoms, or better speaking, the ions 
in the central crystal, are vibrating at about 101% 
times per second, and with an energy given by k, 
Bottman’s constant, times the temperature. 
Every now and then an atom or a group of atoms 
associated with a dislocation will have a large 
enough energy for them to move their position. 
When they move the dislocation itself will 
have changed its position. In other words, 
the dislocation diffuses about in the crystal 
lattice at these temperatures. Normally its 
direction of diffusion will be at random ‘but 
when we apply a stress, o, to the crystal, 
we lower the energy required to move it in 
one direction by a@Xco and hence make that 
direction more favourable; we put a bias on 
the diffusion of the dislocation. Creep at high 
temperature therefore is to be considered as a 
net thermal diffusion of dislocations in the 
direction of the stress. 

Again we have the problem of stopping dis- 
locations. Carbon and nitrogen are not so 
good at these temperatures, because they can 
move so fast and so readily. However, they 
can be anchored in place by dissolved atoms 
like vanadium, chromium, niobium, molyb- 
denum and tungsten, which have strong 
affinities for carbon and in some cases for 
nitrogen. Also some of these elements such 
as molybdenum and tungsten have a larger 
ionic size than iron and all of them have 
different electron cloud distributions and more 
potential valence forces than has iron. They 
are therefore in themselves able in theory to 
stabilise a dislocation and thereby to resist 
its movement. This is the basis of many of 


(frequency of atom vibration) x exp 
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the creep-resisting steels for use at moderate 
temperatures. 

At higher temperatures, however, we run 
into a new trouble. The iron carbide particles 
that were so useful to block the run of the 
dislocations begin to dissolve into the iron 
lattice. These same carbide forming substances, 
however, can come to our rescue and, together 
with iron, form stable carbide particles of mixed 
chemical composition which resist creep. In 
this way the temperatures and shear stresses 
at which steel can be used have been pushed 
higher and higher. 

However, we still have one more problem 
and that is corrosion. Steel at these tempera- 
tures is attacked by steam and carbon dioxide, 
the products of combustion, and will gradually 
become pitted and scaled. The best protective 
layer on steel is the oxide of chromium. The 
problem is how to get it to form on the surface 
of steel as aluminium-oxide does on aluminium. 
This can be done in two ways. Either by 
dissolving the chromium as an alloying element 
in steel itself or by producing by one means or 
another a thin surface layer high in chromium. 
All very high temperature steels and indeed 
many for lower temperatures now contain 
some quantity of this element added for this 
purpose. It seems possible that even further 
improvements might be obtained by mixing 
other alloying elements, such as nickel, to 
form mixed oxide layers, which are even more 
tenacious than chromic-oxide itself. 

You see, therefore, that chromium has a 
treble job to do in high temperature steel ; 
one to hold the carbon in solution in the ferrite 
lattice so that the dislocations are wedged in 
place, two, to form stable carbide particles as 
before to stop the movement of the dislocations 
and, three, to protect the steel from corrosion. 

Our knowledge of creep phenomena is still 
rather obscure but it appears to be closely 
related in its mechanism to plastic flow at 
ordinary temperatures. In creep, however, 
dislocations move by kinetic or thermal 
energy with a bias due to the stress ; in plastic 
flow dislocations move as a result of local 
shear stress aided in the case of steels by 
thermal energy. 

Although the metal physicist is now begin- 
ning to explain the mechanism of creep and 
to indicate from theoretical considerations how 
the creep properties of steels may be improved, 
it will be appreciated that the development of 
creep resisting steels has been achieved mainly 
as a result of empirical experiments and simple 
theories. It should also be pointed out that, 
apart from increases in the creep resistance of 
steels obtained by the addition of alloying 
elements, many improvements in the creep 
strength have also been obtained by a more 
detailed understanding and closer control of 
steel-making, mechanical working and heat 
treatment processes. 

As a result of the development of alloy 
steels of higher creep resistance, 0-5 per cent 
molybdenum and 1 per cent chromium-0-5 
per cent molybdenum steels have now been 
adopted as standard for steam pipes and super- 
heater tubes using steam at temperatures up 
to 900 deg. Fah. (480 deg. Cent.) and 1000 
deg. Fah. (540 deg. Cent.), respectively. Steels 
with double this amount of chromium and 
molybdenum have been adopted for these 
purposes in one plant now being built, in which 
higher steam temperatures will be employed. 
At two other stations, in Stourport and Drake- 
low (also under construction for the’ British 
Electricity Authority), steam temperatures 
of about 1050 deg. Fah. will be attained. In 
these plants special austenitic steels of much 

greater alloy content will be used to resist the 
more severe corrosion conditions in addition 
to providing strength. Over the next five to 
ten years it is possible that still further increases 
in steam temperatures will be made and tem- 
peratures up to even 1200 deg. Fah. may be 


expected. 
MAGNETIC PROPERTIES 


Perhaps the. most peculiar characteristic 
of iron is its ability to develop strong magnetic 
poles in a comparatively weak magnetic field 
and sometimes to retain these poles per- 
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manently. It is true that some alloys, ing, 

some containing no iron atoms at all, exhibit 
similar ferromagnetic properties, but iron o 
steel are the outstanding examples, , 
_ It is at first sight rather surprising ‘hat iron 
is magnetic in one crystal form only, 4; 
ordinary temperatures pure iron or iron With 
only moderate amounts of other lements 
the ferrite referred to above, is always in th, 
body-centred cubic form. In this cage the 
atoms are at the corners of two systems of 
cubes interlacing in a manner such ‘hat th 
corners of one set come at the centre of the 
bodies of the other. It is this form that shows 
magnetism, At higher temperatures this 
magnetism suddenly disappears and at gtijj 
higher temperatures the iron is converted to 
another form, the austenitic or face-centreg 
cubic form, where the atoms in the second 
interlacing system lie at the centres of the 
faces in the cubic systems. This is « dengey 
form and is non-magnetic or, more strictly 
paramagnetic. Steel made by alloying with 
about 13 per cent manganese, for example, 
maintains its austenitic and its non-magnetic 
character down to ordinary temperaturos, 

The ferromagnetism of the body-centred 
or less dense form of iron is due to a delicate 
balance between various characteristics of the 
atom. We have seen that the atom of iron 
has in its ‘‘3d”’ group four electrons of wp. 
paired spins. Some of these can pair up 
with electrons of neighbouring atoms forming 
valency bonds. The others retain their mag. 
netic moments due to their spin and if thege 
are oriented at random the substance is para. 
magnetic. The question of which they do 
depends very critically on the distance between 
neighbouring atoms. If they are close, valency 
bonds predominate; if further away they 
remain unpaired. In the directions in an iron 
crystal corresponding to the three edges of 
the cubes there is a considerable separation 
between the iron atoms, and the electrons are 
free to act as magnets rather than form 
valency bonds. These edges of the cubes are 
the easy directions for magnetisation. 

With iron and to a lesser extent with cobalt 
and nickel, at ordinary temperatures a sort 
of crystallisation takes place of these magnetic 
electrons—the interaction between the elec. 
trons lines them up along one of the easy direc. 
tions in the crystal lattice and in groups of 
106 to 1020 atoms known as domains. 

At higher temperatures when the thermal 
energy of the electrons becomes larger, this 
interaction to line up the magnetic moments 
becomes over-ridden and the metal returns 
to the paramagnetic state. The temperature 
at which this ‘ melting” of the domains (as 
we might call it) occurs is known, of course, 
as the Curie point. Inside the crystal the 
domains lie adjacent to one another as laminar 
plates with their poles in alternate directions. 
In soft iron the relative sizes of the opposing 
domains are such that they exactly short- 
circuit each other. When in an external mag- 
netic field, however, those in the direction of 
the field grow at the expense of the others. 

In other words, the external magnetic field 
does not create magnetism but merely upsets 
the delicate balance which normally sees that 
the domains’ exactly cancel one another. 
This action is something like the magnetic 
chuck or clamp used in machine shops. In 
the “‘ off’ position alternate permanent mag- 
nets cancel one another but a small force 
can move them so that they aid one another 
and give a very powerful magnetic force. 

The actual situation is, of course, rather 
more complex than given in this one line. 

The steel-maker can produce an improved 
product in various ways. We have seen that 
there are preferred directions for easy mag- 
netisation. Rolling of steel sheets in the cold, 
followed by heat treatment to remove strains 
and allow crystal growth, results in a sheet 
with most of the crystals having their preferred 
directions of magnetisation along the length 
of the strip. We do not know why this hap- 
pens as yet, and perhaps when we do we will 
be able to produce transformer iron able to 
go to still higher strengths of magnetism and 
with lower watt loss. 
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3600 H.P. Electric Locomotive for 
Spanish . National Railways 


N Tuesday last we attended an official 

inspection of the first of sixty 3600 h.p., 
3000V direct current locomotives, which are 
being built jointly by the English Electric 
Company, Ltd., and the Vulcan Foundry, 
Ltd., for the Red Nacional de los Ferrocarriles 
Espafioles—the Spanish National Railways. 
The locomotive which is the largest electric 
locomotive to have been completed in this 
country, was demonstrated to leading officials 
and engineers of the Spanish Railways at the 
Vulcan works, Newton-le-Willows. 

All the locomotives are destined to operate 
on the northern section of the system, which 
was originally the Norte Railway. At present the 
main electrified zones in the north are between 
Ujo and Busdongo, and Torre and Branuelas 
on the [Oviedo, Leon Ponferrada sections. 
Because of the heavy traffic to be handled 
and the long distances involved in new pro- 
jects, the intention is to extend main line 
electrification on the basis of 3000V instead 
of 1500V direct current: and the new loco- 
motives are therefore designed for the higher 
voltage. 

Briefly, the locomotives are C,—C, units, 
each of the six axles being driven through 
single-reduction (63:16) flexible spur gears, 
by a “ EESIA ” force-ventilated nose-suspended 
motor having a one-hour rating of 600 h.p. 
and a continuous rating of 500 h.p. With a 
locomotive weight of 118 tons in working order, 
this motor arrangement gives a maximum 
starting tractive effort (25 per cent adhesion) 
of 67,000 lb. The one-hour tractive effort is 
39,000 Ib at 34 m.p.h. and the continuous 
tractive effort is 30,500 Ib at 36 m.p.h., the 
maximum permissible speed being 68-3 m.p.h. 
The main dimensions of the locomotive are : 
gauge 5ft 6in, maximum width 10ft lin, 
length over buffers 67ft 9in, total wheelbase 


50ft Tin, rigid wheelbase (bogie) 15ft Qin, © 


wheel diameter 48in, overall height (panto- 
graph down) 14ft 6in, minimum curve negoti- 
able 525ft. 

As illustrated herewith, the locomotive 
superstructure is streamlined with a cab at 
each end. Between +e cabs the equipment is 
symmetrically mounted, with a 20kW motor- 


generator-blower set and two cubicles con- 
taining the main control equipment at each 
end and, in the centre of the locomotive, four 
frameworks containing the main starting 
resistances. The h.t. equipment is housed 
in separate compartments with interlocked 
doors, opened by the removable reverser key 
of the master controller. Before any door can 
be opened a fouling bar must be moved and 
this opens an air valve, lowering the panto- 
graph and providing immediate protection. 

The driving position is on the right-hand side 
of the cab, which is provided with a master 
controller, air and vacuum brake valves, 
instrument panel and auxiliary equipment 
board. 

The body underframe consists of four rolled 
steel channels of deep section, braced with 
cross members. The superstructure consists 
of channel members welded together to form 
a body frame of girder construction. The 
framework is attached by welding to the 
locomotive underframe and is panelled in 
steel sheet, the joints being continuously 
welded. The roof is in the form of a well 
and is removable to facilitate the withdrawal 
of apparatus mounted within the superstruc- 
ture. 

The six-wheel bar-frame bogies are braced 
by cross stretchers of welded construction. 
The cross stretchers and end members are 
secured to the frames by turned and driven 
bolts. 

The weight of the locomotive superstructure 
is transferred to each bogie through a bolster 
of fabricated construction, which carries the 
bogie centre and rests on four nests of lami- 
nated springs arranged transversely to the 
centre line of the locomotive. These springs 
are supported on spring planks slung from 
the bogie frame by means of links. To ensure 
uniform axle loading (static) the load is trans- 
ferred from the bogie frame to the axles, 
through equaliser beams and four pairs of 
coil springs. The spring of the bolster is 
limited by stops. 

This design of bogie is intended to provide 
robustness with good riding qualities on 
severely curved tracks. Air operated sanding 


gear is provided on all wheels in either direction. 

Westinghouse vacuum controlled air brake 
equipment is fitted on the locomotive, which is 
equipped for hauling vacuum-braked trains. 
The service braking is controlled from the 
driver’s vacuum-brake valve, which operates 
the vacuum brakes on the train, and, through 
a proportional valve, the air brakes on the 
locomotive. The air brake on the locomotive 
also can be controlled separately by means of 
a self-lapping driver’s brake valve. Brake 
blocks are applied to both sides of each wheel 
through brake rigging giving a brake effect of 
85 per cent of the adhesive weight. 

Each driving cab has a cam-operated master 
controller incorporating drums for power 
notching, motor field weakening and regen- 
erative braking. Each drum is operated by 
a separate handle and there is a handle for 
operating the motor grouping switch when 
using the regenerative brake. Mechanical 
interlocking is provided to prevent incorrect 
operation of the handle. 

Contactors, group switches and reversers 
are mounted in steel cubicles. All power 
contactors, reversers and group switches are 
electro-pneumatically operated and the auxi- 
liary circuit contactors are electro-magnetically 
operated. The starting resistances are wound 
edgewise on heat-resisting ceramic insulators. 
The units are supported on steel rods and 
these assemblies are housed in steel supporting 
frames. 

Current is collected by two double-pan 
pantographs, which are air-operated and spring- 
controlled. The design of the pans conforms 
to the railway’s standard practice. 

Auxiliary supplies are provided by two 20kW 
motor-generator-blower sets, each consisting 
of a 3000V motor driving a generator and a 
rotary fan. The generators provide power at 
110V for the auxiliary circuits, regenerative 
braking and battery charging. Each fan 
supplies cooling air to three traction motors. 

Compressed air for the control apparatus 
and locomotive brakes is given by two motor- 
driven air compressors supplied from the low- 
tension supply. Two motor-driven exhausters, 
supplied from the low-tension supply, are used 
for the operation of the train brakes. A lead- 
acid battery provides power for operation of 
the low-tension apparatus in the event of 
emergency. 

The mechanical parts of forty of the loco- 
motives are being built at the Vulcan Foundry, 
Ltd., Newton-le- Willows, and of the remaining 
twenty at the Preston works of the English 
Electric Company, Ltd. The latter company 
is also supplying the electrical parts, 
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SCIENTIFIC AND INDUSTRIAL 
RESEARCH 


THE report of the Committee of the Privy 
Council for Scientific and Industrial Research 
for the year 1950-51, reviewed elsewhere in 
this issue, contains some disturbing facts. 
In 1945 plans were submitted to the Govern- 
ment for a substantial expansion of the 
Department of Scientific and Industrial 
Research to meet needs that could then be 
very clearly foreseen. Those plans received 
Government approval. They called, amongst 
other matters, for the further extension 
and development of the Department’s exist- 
ing establishments and for the creation of 
three new ones. In addition, it was envisaged 
that the number of scientific and administra- 
tive staff, at that time 2160, should be 
quickly expanded to 4000. The Committee 
has to report that repeated delays have 
seriously affected its post-war building plans. 
It was expected that a rate of expenditure 
for this purpose of about £1,000,000 per year 
would be reached. In fact, however, “ year 
by year expenditure has lagged behind 
schedule,” and recently so severe a cut was 
imposed that “it is doubtful whether 
expenditure will reach £500,000 for the year 
1951-52.” As a reflection, possibly, of the 
slow progress made with building plans, the 
growth of staff has been checked. During 
1950-51 the staff numbered only some 3000 
as compared with the target figure of 4000, 
and net recruitment, which had been running 
at an annual rate of 150 up till 1949, has 
since dropped to only 110. The Committee 
remarks: ‘‘ We regard this rate as too low, 
and despite the increased demands of the 
Services and the Defence Research Estab- 
lishments as a result of rearmament we 
consider that every effort should be made to 
maintain it at 150 at least.” 

In this, the middle of the twentieth century, 
the value of research work to industry can 
no longer be doubted. A century ago this 
country was the “ workshop of the world.” 
But it held that proud position not merely 
because pioneers such as Newcomen, Watt, 
Trevithick, Stephenson and many another 








had given it a start over all other nations in 
building up its industries. It had also a 
greater knowledge of techniques and a 
greater number of skilled engineers than 
any other nation. At that time advances 
were made through the intuitive perception 
of great men and development took place 
through workshop processes of “trial and 
error” in the experimental use of what were 
small-scale works plants. But since then, 
through the development of theory, and in 
consequence of greater subtlety and 
refinement in design and _ construction, 
it has become increasingly necessary to 
bring into play the techniques of science. 
Much of the work done in research establish- 
ments, and many of the papers published by 
them, may seem abstruse to more practically 
minded engineers and to those at the heads 
of firms who have had little or no engineering 
training. Yet visits to such establishments 
as the N.P.L., or the Road. Research labora- 
tories or the Fuel Research Organisation, to 
mention but three of the D.S.I.R. establish- 
ments, or to the British Electrical and Allied 
Industries Research Association, to the 
British Iron and Steel Research Association, 
and to many another body set up by industry, 
reveal to what very practical ends work 
apparently abstruse is -directed, and, more- 
over, how often it has proved desirable 
to put in hand studies of apparently 
simple matters that it might have been 
expected had long ago been investigated 
within industry itself. If this nation is to 
maintain itself in the world as a great export- 
ing country it seems to us essential that it 
shall continue to lead the world in advanced 
design and in advanced methods of produc- 
tion. We cannot see how it can hope to do 
so unless its facilities for scientific and 
industrial research are steadily expanded to 
meet future needs. 

Amongst the projects whose execution 
has been delayed are those for the provision 
of laboratories for the new organisations 
for Mechanical Engineering Research and 
Hydraulics Research. The need for basic 
research in all branches of mechanical 


engineering became obvious enough during 
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the war and remains as urgent to- day, 
Civil as well as mechanical and electrical 
engineers have long felt the lack in this 
country of a hydraulic research station 
as well equipped as similar stations abroad. 
Without it civil engineers in particula» are 
bound to be hampered in obtaining work jn 
such countries as India, Egypt and the 
East, where so much development of \\ «ter 
power and irrigation remains to be cone, 
It is, too, deplorable that this, the gre: test 
shipbuilding nation in the world, should 
be without a ship tank comparabl in 
modernity with tanks in the U.S., the 
U.S.S.R., Holland and Sweden. The cost 
of a modern tank is estimated at £2,000 (0, 
We heartily agree with the Committee tat, 
an admirable site having been secured, 
“construction should be begun without 
delay.”” No doubt much of the delay and 
frustration from which the Committee— 
and research organisations up and down the 
country—are suffering can be traced to the 
demands made upon men and materials 
by the rearmament programme. Yet, as 
the Report emphasises, “‘ the effective plan- 
ning of research must be based on reasonably 
firm budgeting expectations for several 
years ahead. It cannot be undertaken 
efficiently on a year to year basis since long- 
term commitments have to be entered into 
if the resources of the Department are to 
be used to the best advantage.” The cost 
in relation to other charges that fall upon 
the national exchequer is very small. Come 
boom, come slump, come changes in the 
complexion of governments, come financial 
crises, come the need to rearm, steady 
financial support of the work of the D.S.I.R. 
must well repay this country. We hope 
the Government will take heed of the 
remarks in this Report and do all that it 
can to relieve the handicaps under which 


' the Department is labouring. 


CHEMICAL ENGINEERING 

ENGINEERING is undoubtedly a . very 
ancient art and science. For long before 
Archimedes devised ingenious grappling 
hooks to overset the Roman galleys and 
other “engines ”’ to hold back the Roman 
Army from the walls of Syracuse, men 
skilled in civil as well as military engineering 
had existed. But only early in the nine- 
teenth century did men feel the need to 
draw a distinction between civil and military 
engineering. In 1818 the Institution of 
Civil Engineers was founded. Soon after- 
wards, the rise of the steam engine and more 
particularly its wide application in industry 
and transport together with the development 
of many other mechanical devices encouraged 
the formation of the Institution of Mech- 
anical Engineers. Some decades later the 
advent of electricity led to the formation of 
the third of the “major” engineering 
institutions, that of Electrical Engineers. 
Many other engineering societies have been 
founded since those three came into 
being. But of each of them it can be said 
in varying degree that they cater for the 
needs of groups of engineers interested not 
so much in new fields of engineering, as in 
specialised fields of civil, mechanical or elec- 
trical engineering. For a time, in fact, those 
three branches constituted the whole of 
engineering proper. But soon after the 
end of the first world war there was founded 















@®a as @ 


>e @eet 


a a2 








per no 


May 2, 1952 


a new engineering institution, many of whose 
members could not by any stretching of 
their function be truthfully classified as 
civil, mechanical or electrical. That body, 
the Institution of Chemical Engineers, was 
porn in 1922. In the thirty years that have 
since elapsed we doubt whether it has yet 
peen at all fully appreciated how different 
is the work of chemical engineers from 
that of others, nor how important has 
pecome their work in modern civilisation. 
Perhaps the Presidential Address which Sir 
Harold Hartley presented to that Institution 
last Friday, and which we print in abstract 
on another page of this issue, will help to 
place the matter in better perspective. 

In contemplating the work of chemical 
engineers, the mind thinks immediately of 
the synthesis of textile fabrics such as rayon 
and nylon, of the development of the whole 
and varied range of plastics, and of the pro- 
cessing of rubber and its synthesis. Then 
there is the whole field of the treatment of 
fuels, the cracking and processing of oils 
and the hydrogenation of coals. Again, the 
production of fertilisers has done and is 
doing very much to raise the agricultural 
output of the world. But, in fact, much of 
the work of chemical engineers comes closer 
home to the work of engineers in older fields. 
Much of the efficiency of boiler plants, for 
instance, depends upon the proper use of 
chemical engineering techniques in combus- 
tion, in the treatment of boiler water, in 
the prevention of deposits on boiler surfaces, 
and in defeating corrosion. That is but one 
example amongst many where the work of 
chemical engineers impinges upon that 
of “mechanicals.” Civil engineers de- 
pend heavily upon chemical engineers 
for the proper functioning of, for instance, 
sewage treatment works, and do so all the 
more heavily that local authorities’ works 
up and down the country are now under an 
obligation to accept industrial effluents. 
Indeed, the study of pollution, whether 
of air or water, is primarily work for chemical 
engineers. Such examples could be multiplied 
almost endlessly. For the field chemical engi- 
neers cultivate is very wide already. It is 
likely to become very much wider. How 
very much, for example, we shall depend 
upon chemical engineers to make the use 
of nuclear power possible and economic ! 
For, as Sir Harold remarked in his address, 
“many of the materials required were 
laboratory curiosities before the war; some 
were unknown. The production of materials 
for the construction of reactors, the produc- 
tion of fissile fuel, the reprocessing of the 
spent ‘fuel’ and the safe disposal of fission 
products, all involve the development of fresh 
chemical engineering processes.” Looking 
further ahead, Sir Harold foresaw a time 
when, through the depletion of fossil fuels, 
man might be forced to attempt to draw 
energy more directly from the sun’s rays 
through controlled photo-synthesis, photo- 
electricity, or by some other means in whose 
invention chemical engineers would play a 
part, and he referred, also, to the ‘“‘ pheno- 
menal rise in the production of antibiotics 
such as penicillin, streptomycin and aureo- 
mycin,” made possible by “ most delicate 
feats of chemical engineering.”” Unquestion, 
ably chemical engineers will increasingly in 
the future help to support modern civilisation. 

But is sufficient attention being given to 
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the training of chemical engineers? There 
Sir Harold made his opinion, and that of 
various committees that have studied the 
point, abundantly clear that not sufficient 
is being done in this country. In 1949-50, 
the number’ of first degrees in chemical 
engineering granted in the United States 
was 4529. That figure compares with an 
annual output in this country between 
1950 and 1954 of a mere 200! Sir Harold 
pleaded for a rapid increase in the number of 
chemical engineering courses. He remarked : 
“The gap is far too large to be dealt with 
by any new Technological University. 
Wherever engineering courses are now given 
it seems only reasonable that undergraduates 
should have an opportunity to study chemical 
engineering.” Sir Harold also felt that gaps 
in chemical engineering knowledge “ can 
only be filled by experimental investigations 
on large-scale pilot plant,” for which a new 
laboratory will be needed. In fact, in 
chemical engineering, just as in other engi- 
neering fields, there is a need to increase the 
output of technologists of university standard 
and to improve facilities for research. That 
need seems all the more urgent in that the 
field for the application of chemical engineer- 
ing ig so rapidly expanding and can be seen 
to be likely to become vast in the not distant 
future. Chemical engineering has become, 
in Sir Harold’s words, “the fourth primary 
technology.” 
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A Guide to Plastics. By C. A. RepraRn 
London: Iliffe and Sons, Ltd., Dorset 
House, Stamford Street, S.E.1. Price 7s. 6d. 

To those who are not already acquainted 
with plastic materials, their properties and 
application, this small book serves as a 
condensed guide to the subject. It cannot 
be considered as a comprehensive textbook 
on plastics, for chemical formule have been 
avoided and technical terms have been kept 
to a minimum. The volume is divided into 
four sections, the first of which is devoted 
to plastics nomenclature, wherein the make- 
up of monomers and polymers is explained 
and the various materials are classified as 
thermosetting or thermoplastic substances. 
Manufacturing plastics forms the subject 
of the second section, and an important 
improvement is the inclusion of a series 
of coloured charts which have _ been 
specially prepared to exhibit the different 
stages in manufacture, from raw material 
to the completed article, in each of the chief 
classes of plastics. 

In addition to the relatively old-established 
plastic materials, a description is given of 
more recent introductions, such as the 
silicon resins. These materials, when 
classified as “‘ plastics,’’ represent an innova- 
tion, for hitherto plastics have been entirely 
organic materials and they possess that 
degree of vulnerability usually associated 
with organic structures. On the contrary, 
the silicon resins—better known in some 
quarters as silicones—represent a combina- 
tion of organic and inorganic substances, 
since they contain silicon. The book 
describes the application of the silicon resins 
to the insulation of electric motors and other 
uses. In these applications the main advan- 
tage of the silicon resins, when compared 
with other kinds of synthetic resin, is their 
considerable resistance to heat. Other types 
of organo-silicon polymers are _ briefly 
described, but in other published works 
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they are usually referred to as silicones and 
are not generally termed “‘ plastics.” 

The third section of the book outlines 
methods which have long been established 
for the fabrication of plastics, the most 
important being hot moulding and extrusion 
techniques. Much detail is given concerning 
the different kinds of mould in use for 
shaping and setting the plastic materials, 
and the standard kinds of moulding press— 
simple up-stroke, prefilling down-stroke, and 
angle presses—are described. Hydraulic 
pressure is also discussed, together with 
methods of heating the platens and moulds, 
using steam, hot water, gas or electricity. 
In a paragraph on preheating plastics, the 
author makes brief mention of modern 
technique using radio-frequency heating. 
Standard practice as applied to compression 
moulding of thermosetting and thermo- 
plastic materials is included. The space 
covering the injection moulding process, 
which includes a brief reference to injection 
moulds and moulding techniques, is not 
nearly so great as that given over to com- 
pression moulding. Nor can the description 
of the extrusion process be described as 
adequate. The extrusion method produces 
the kind of material—tube, rod, strip, 
covered wire, &c.—much used by the engineer 
and a little more detail could have been 
appropriately included. 

In this section on the fabrication of plastics, 
many of the processes described are of direct 
interest only to those in the industry, and 
as a big proportion of engineers are not in 
this industry, some space could have been 
usefully employed in describing the machin- 
ing of plastics. The book dismisses in a few 
sentences the methods for machining these 
materials, but many pages could have been 
usefully devoted to turning, drilling, &c., 
of the plastics. In the fourth section, which 
consists of only seven pages, a number of 
standards, of the British Standards Institu- 
tion, are quoted. This part includes also a 
description of the properties of plastics and 
the limitations and defects of plastic products. 
In such a brief outline of the plastics industry 
it is natural that few references are quoted 
throughout the work, but this is balanced 
somewhat by a list of modern textbooks on 
the subject given at the end of the book. 
As its title implies, the volume is likely to 
interest those who have little knowledge of 
plastics and who want a book easy to under- 
stand, as an introduction to the subject. 





Letters to the Editor 
(We do not hold ourselves responsible for the opinions of 
our correspondents) 


PRESENT-DAY LOCOMOTIVE 
WORKING 


Sm,—Having benefited on several occasions 
from the good performance in the Eastern 
Region of the “ Britannia” class locomotives, 
I was interested to read Mr. Nock’s article in 
your issue of April 4th, and to see my own 
impressions of the performance of this class 
confirmed by his figures. From the point of 
view of the passenger, however, I would say 
that the severe longitudinal vibration which 
these locomotives induce in at least the first 
two coaches of the train is a severe disadvantage 
and discomfort. It is to be hoped that this 
characteristic is only one of the teething 
troubles to which Mr. Nock refers, and that it 
will soon be eliminated. Until then, you will 
not find me in the van of “‘ Britannia’s ” train ! 


C. JOLLIFFE 
Kew, Surrey, April 22nd. 
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The Institution of Naval Architects 


ANNUAL SPRING MEETING 
No. IV—(Continued from page 560, April 25th) 


To second paper presented on Friday 
morning April 4th was :— 


PREDICTION OF THERMAL CONDITIONS IN 
H.M. SHIPS IN TROPICAL WATERS 
By J. A. B. Gray, M.A., M.B., B.Chir., and F. E. 
SMITH 
SUMMARY 

The high air temperatures and humidities in 
H.M. ships during the last war resulted in the 
upper permissible limits of the thermal environment 


being defined. 
Practical application demands a method of pre- 


dicting, before the ship leaves home waters, the 
thermal conditions which are to be expected within 
compartments under tropical conditions. 

The difference between the total heat content 
of the air within a compartment and that of the 
external air (heat gain) is shown to be independent 
of the temperature and humidity of the outside air 
provided the ventilation is unchanged. 

The distribution of the heat gains is shown to 
approach normality. 

Compartment wet-bulb temperature can be 
predicted by adding heat gain to a given external 
total heat content and converting the answer to 
wet-bulb temperature. 

For mess decks a technique is used for converting 
the predicted wet-bulb temperature into effective 
temperature for air speeds between 20ft and 300ft 
per minute. 4 

A nomogram is presented for easy prediction of 
effective temperature on mess decks. It also 
indicates the rate of change of effective temperature 
in respect of the total heat content of the air and 
the speed of air movement. 


Discussion 


Professor A. J. Sims: The desirable 
effective temperature limits given in the 
paper can be difficult of attainment by the 
designer; indeed, there are some external 
conditions where they will most certainly 
be exceeded if ventilation by fans alone is 
installed. If, for example, the external wet- 
bulb temperature is greater than 80 deg. Fah., 
the effective temperature in a compartment 
ventilated in accordance with the highest 
standards will probably exceed 86 deg. Fah. 

Twenty miles offshore the heat content 
of the outside air will generally be much less 
than in harbour. Moreover, it is arguable 
that the success of a ventilation system should 
be judged by its performance at sea, since 
shore facilities should assist in harbour. 

The reliability of the existing effective 
temperature charts when the temperature 
approaches the body temperature is brought 
into question by this paper, which implies 
that the wet-bulb temperature becomes the 
effective temperature above 87 deg. Fah. 
The compilers of the chart have recognised 
the influence of this factor in the tropics 
by “‘ bending ” the family of curves towards 
the wet-bulb scale at the higher values. 
The authors infer that the zero velocity 
line should coincide with this scale at about 
87 deg. Fah. This doubt has been recognised 
for some time, and should be resolved so that 
designers can rely on one chart and one set of 
criteria. 

Mr. S. J. Jones: The paper seems to be a 
statistical examination of the increase in the 
heat content of air on mess decks above the 
total heat content of the external air and the 
deviations above and below this mean 
increase, and its weakness is that no attempt 
is made to find out the cause of these devia- 
tions. With constant ventilating quantities, 
constant ambient temperature conditions 
and constant internal heat generation, devia- 
tions would not exist ; the heat gain being 
constant, then the increase in internal heat 
content would also be constant, Variations 





in ventilating quantities would create varia- 
tions in the increase of heat content of the 
air on the mess deck in relation to the 
ambient conditions. Assuming, however, 
constant ventilating quantities and constant 
heat generation or leakage into the compart- 
ment, the only deviations which would 
occur would be those arising from the 
fluctuating ambient temperature. It is, 
therefore, worth while considering the effect 
of periodic variations in outside temperature 
on the deviation from the mean temperature 
or heat increase in the inside conditions. 

A compartment has a definite heat capacity 
which has the effect of making inside fluctua- 
tions of smaller amplitude than outside 
fluctuations. A sudden fall in the outside 
temperature towards the minimum is not 
followed so quickly by the inside temperature, 
owing to the heat capacity of the structure 
and equipment delaying the effect. This 
results in the difference between the heat 
content of the inside and outside atmospheres 
tending towards a maximum at this period. 
When the outside temperature tends towards 
its maximum, the rate of rise of the inside 
temperature lags behind, so that the differ- 
ence between the inside and the outside 
tends towards a daily minimum. With 
high ventilating quantities the heat gain can 
be a negative quantity. This would suggest 
that when predicting internal conditions 
on the basis of maximum external conditions, 
the association of positive units of standard 
deviation with the maximum temperature 
may tend to exaggerate the probable internal 
conditions. 

Dr. 8. Livingston Smith: The British 
Shipbuilding Research Association has been 
carrying out research on the environmental 
conditions in the machinery spaces of 
merchant ships, and a survey was made of 
the conditions existing in twenty-five ships of 
different kinds, which was followed by 
more detailed tests on another thirteen ships. 

From this survey an analysis has been 
made of the relation between the total heat 
content of the air at the various test positions 
on each ship and that of the outside air, and 
good agreement was found with the con- 
clusion of the authors that the increase in 
the total heat content is independent of the 
external conditions provided that the rate 
of ventilation is unaltered. 

Taking the results at the centre of the 
manceuvring platform in the combined engine 
and boiler-room of a cargo liner of about 
8500 gross tons, we have plotted the increase 
in (a) the total heat content, and (b) the heat 
of the water vapour of the inside air at the 
manceuvring platform against the correspond- 
ing outside conditions. The plotting shows 
that the increases in heat content are constant 
over the range of outside conditions taken, 
which was from 62 deg. Fah. wet bulbs 
and 64 deg. Fah. dry bulbs, to 83 deg. Fah. 
wet bulbs and 88 deg. Fah. dry bulbs. 

In the analysis of tests to ascertain to 
what extent conditions on steamships could 
be improved by practicable measures to 
reduce moisture escape and the escape of 
heat from hot surfaces in the machinery 
spaces, it was found that, as the tests were 
all of short duration, common outside tem- 
peratures were not always available to allow 
direct comparison with the inside tempera- 
tures. Using the finding of the authors 
concerning the constant difference in total 
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heat content, the method of analysis was ty 
calculate from the available results th, 

increases in the sensible and water-vapouy 

heat contents, at all positions on all ships 

over those of the outside air, and tien to 

determine the inside conditions for a::umeq 
outside conditions ; this enabled results to 
be compared directly. 

The nomogram given in the paper his been 
found to give good agreement wit! test 
which we have made on passenger an! crew 
accommodation in upper decks, but it js 
not applicable to conditions in machinery 
spaces, since it takes no account of radiant 
heat. As an example, on two sister ships 
with different arrangements of turbine insula. 
tion and gland steam exhausts, consideration 
was given to the conditions at the upper 
grating between the high-pressure and low. 
pressure turbines. On ship A the increase 
in total heat content was 6-4 B.Th.U. per 
pound, and the calculated effective tempera. 
ture from the nomogram would be 87} deg. 
Fah. (E) for outside conditions of 80 deg. 
Fah. wet bulbs and 85 deg. Fah. dry 
bulbs, and air movement of 100ft per 
minute ; for the same outside conditions 
and air movement the actual effective 
temperature was 95 deg. Fah. (E). On 
ship B the increase in total heat content 
was 5:5 B.Th.U. per pound, and the caleu. 
lated effective temperature from the nomo. 
gram would be 86 deg. Fah. (E), while the 
actual effective temperature was 90-5 deg. 
Fah. (E). 

Professor G. L. Brown: A considerable 
amount of experimental work has been carried 
out jointly by the Royal Navy and the 
Medical Research Council and the Tropical 
Research Unit in Singapore, and we are 
beginning to know more about the effects of 
high temperatures upon men, both from their 
physiological behaviour and their psycho. 
logical performance. The work in Singapore 
will probably finish within the next few 
months, but the necessary study of the 
results will occupy another year. The effect 
of radiant heat on man has hardly ever been 
properly studied, and the unit in Singapore 
seems to be the only unit having a properly 
constructed radiant heat tunnel, which will 
enable us to learn something from the 
physiological point of view of the effects 
of radiant heat such as occurs in the com- 
partments of H.M. ships. 

Mr. A. J. Merrington: I served in a war- 
ship in the West Indies under war conditions 
and it would have given a good deal of com- 
fort to the ship’s company had predictions 
been made before the ship sailed and some 
effective action taken in respect of the hot 
spots in the ship. Conditions at night, under 
darkened ship conditions, were the worst. 

The authors refer to improving conditions 
by increasing the speed of air movement or 
by increased ventilation. The nomogram 
suggests that increased air speed is not very 
effective ; you have to increase the air speed 
from 80ft to 200ft per minute for a tempera- 
ture drop of about 1 deg. Fah. Our experi- 
ence at night during the war was that air 
movement, rather than increased ventila- 
tion, was invaluable; air movement, par- 
ticularly by means of the slow-running 
overhead punka fan, effected a great improve- 
ment in living conditions. 


(To be continued) 


——_@-——__—_— 


LIGHTWEIGHT CONCRETE AGGREGATES IN CANADA. 
—We have received from the Department of Mines 
and Technical Surveys, Ottawa, a report on 
Canadian sources of clays and shales suitable for 
use as ‘coated lightweight concrete aggregates.” 
Such aggregates: are prepared by processing clays 
or shales in a rotary kiln, or by sintering, to give 
them a hard, smooth outer lo 
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Coryton Oil Refinery 


As part of the refinery building programme a new refinery is at present under con- 


struction at Coryton, Essex, for the Vacuum Oil Company, Lid. The proj 


ject was 


commenced in 1950 and is expected to be completed by 1953, the throughput being 
850,000 tons. Work on the foundations has been completed and the erection and 
installation of the various refinery units and power plant are now at an advanced 


stage. 
flow is described. 


HE post-war economic forces, such as the 

shortage of hard currencies, the need 
to reduce the dollar content of oil and the 
changes in the sources of supply of crude 
oil, have caused many changes in the 
policy of the oil companies. As a result, 
Britain has steadily acquired a new major 
industry which is actively helping toward 
economic and industrial recovery, and which is 
continuing to expand as, each year, the capacity 
of existing refineries is increased and new 
refineries come on stream, while others make 
progress towards completion. 

A part of the expansion programme is the 
new refinery being built on the north bank 
of the Thames at Coryton, Essex, for the 
Vacuum Oil Company, Ltd., the construction 
of which was announced in August, 1950. 
Two of the illustrations show the progress 
of the work. The project represents a 
combined British and American capital invest- 
ment of £10 million, and the new plant is 
expected to have a throughput of 850,000 tons 
of crude oil per annum. Although mainly 
designed for the manufacture of lubricating 
stock oils, the refinery will produce a high-grade 
motor spirit and, in addition, diesel oils, fuel 
oil, and petroleum waxes. For improving the 
quality and increasing the quantity of petrol 
produced, a ‘‘Thermofor” catalytic cracking 
unit, the first to be built in this country, is under 
construction. All the steam and electrical 
power required for pumping and process work 
in the various units will be generated in the 
refinery’s own power station, which forms part 
of the scheme. 

The site of the refinery is low lying, being 
some 8ft below the level of the Thames at high 
tide, and the land is partly waterlogged so that 
the ground could carry only small loads. 
These conditions have involved an immense 
amount of preparatory work, which is now 
almost finished, in order to carry the heavy 
loads imposed by the various items of refinery 
equipment. Preparation of the site has called 
for the placing of over half a million cubic 
yards of gravel and hoggin fill for ground 
raising and levelling, and the driving of more 
than 10,000 piles, of different design and varying 
in length from 45ft to 65ft, to support the 
building construction. The heavy plant, such 


The various process plants to be installed are outlined and the production 


as the ‘‘ Thermofor ” catalytic cracking unit, and 
the turbo-alternator sets, are supported on 
16in by 16in precast reinforced concrete piles 
and Franki -piles, cast in situ, carry the tanks, 
buildings and the pipe cills. For the foundations 
of the buildings and plant some 40,000 tons of 
concrete have been poured to date. 


GENERAL DESCRIPTION 


The refinery occupies an area totalling 
approximately 1400 acres, of which 200 acres 
are being developed in the present scheme, so 
that there is plenty of room for expansion 
should future developments so warrant. From 
the accompanying line drawing it can be seen 
that the refinery is being 
built in the form of an 
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site the simple expedient of floating them from 
the old position to the new was adopted. Small 
dams were built and water impounded in the 
desired area, then the empty tanks, drawing 
less than 2ft of water, were towed in stages to 
the foundations prepared for them. 

The modernised storage facilities will receive 
the incoming crude oil supplies through a 24in 
diameter pipe-line, at a rate of 2000 tons per 
hour, by way of an existing jetty which will be 
modified to berth 32,000 tons deadweight 
tankers. The jetty will also be used for the 
outward shipment of finished products, includ- 
ing lubricating stock oils, to the company’s 
compounding works at Wandsworth and at 
Birkenhead. Barges will supply the works at 
Wandsworth, while a coastal tanker, at present 
under construction by the Grangemouth Dock- 
yard Company, Ltd., will serve the Birkenhead 
plant. There is always adequate depth of water 
at the jetty for the mooring of large tankers, 
since the flow of the tides is such that they 
maintain a constant scouring action and so no 
silting up occurs. 

The cooling water required by the power 
station and the various processes amounts to 
45 million gallons per day, and this is arranged 
to be taken from the Thames through a rein- 
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process plants form the 

other side, and they 

include a propane 

de-asphalting unit, a 

furfural solvent refining unit, a methyl-ethyl 
ketone solvent dewaxing unit, and a ‘“‘Thermofor”’ 
continuous percolation unit. 

Opposite the various units are the run-down 
storage tanks, while at the far end of the 
refinery area is the crude oil storage tank farm 
and four floating roof finished product tanks 
fitted with neoprene seals and each having a 
capacity of 55,000 barrels. Many tanks already 
in use on the sité have been incorporated in 
the development scheme, and it is interesting 
to note that to transfer the tanks to their final 





A—Two-stage distillation unit. 
B—Thermal reforming unit. 

C—* Thermofor ” catalytio cracking unit. 
PE Se ane de-asphalting unit. 
#£—Furfural treating unit. 

F—“M.E.K.” dewaxing unit. 
@—Percolation unit. 


H—Boiler plant and electrical generators. 
J—Finished product tanks. 
K—Crnde oil storage. 


L—B jetty. 

M—T: jetty. 
N—Water intake jetty. 
P—Administration block. 


LAYOUT OF REFINERY 


FLOW DIAGRAM 


forced concrete water intake jetty which was 
recently sunk in position and which was 
described in our issue of March 14th. The 
water will be conveyed to the shore by two 
42in diameter and two 39in diameter pipes. 
The pumping equipment, which will be mounted 
on the top deck of the intake, will consist of 
three 15,000 gallons per minute pumps, two 
driven by 650 h.p. vertical electrical motors, 
the other pump, of the same capacity, being 
powered by a 650 h.p. horizontal condensing 
geared turbine, and also three pumps of 6360 
gallons per minute capacity, two driven by 
200 h.p. vertical electric motors, and the third 
by a horizontal condensing geared turbine of 
200 h.p. A chlorination plant to reduce the 
bacteriological effects in the water will also be 
fitted on the top deck. 

Ancillary buildings under construction include 
a mechanical workshop, warehouses and a 
storage block, a laboratory, a canteen, and an 
administrative building. 


TREATMENT PLANT 


The accompanying flow diagram shows the 
order of the various processes. Crude oil enters 
the two-stage distillation unit, where the oil 
will be separated into fractions which will 
flow, according to whether they form the basis 
for the manufacture of black and white pro- 
ducts, or lubricating oil base stock, to the petrol 
producing units or lubricating oil process plants 
respectively. Pumps will charge the combina- 
tion unit with crude oil from the tank storage 
farm, and in the first stage, which operates at 
atmospheric pressure, the following cuts will 
be taken off :—Gasoline, naphtha, gas oil, and 
atmospheric bottoms. The latter will be 
charged direct to the vacuum stage, where the 
fractions produced will be gas oil, three raw 
lubricating oil distillates, and a residue. With 
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CRUDE DISTILLATION UNIT 


the exception of the gasoline all the fractions 
go to run-down tanks. 

The gasoline will go direct to the straight-run 
gasoline treating unit, where it will be caustic 
washed and then piped to an intermediate 
tank. The naphtha will be passed to the 
thermal reforming unit, where the products will 
be gas and reformed gasoline. The former will 
be fed into the refinery gas system and the 
latter will flow to an intermediate tank after 
being caustic washed in the reformed gasoline 
treating unit. 

The gas oil cut from the atmospheric unit 
and the top cut from the vacuum tower will 
becharged to the ‘‘ Thermofor”’ catalytic cracking 
unit, which forms an integral part of the refinery 
plant and will improve the quality and increase 
the quantity of the petrol produced. The 
“Thermofor”’ unit, which when completed will 
rise to a height approaching 300ft, is of moving 
bed design and uses a catalyst in pellet form, 
this being circulated at a rate of 300 tons per 
hour. After becoming coated with the carbon 
removed from the cracking stock, the catalyst 
passes to a regenerator where the carbon is 
burnt off. Theenergy released by the combustion 
of the carbon is controlled to prevent the 
temperature rising above a safe limit, and is 
utilised to raise steam. Gas, gasoline and 
distillate fuel oil will be produced by the 
cracking operation, the gas will be fed to the 
refinery gas system, and the gasoline will flow 


AND THERMAL REFORMER 


to the “Thermofor” catalytic cracking gasoline 
treating unit, and after being caustic washed 
will be pumped to an intermediate tank. 

As already noted, there will be three sections 
in the gasoline treating unit for caustic washing 
the gasoline products before forwarding them 
to intermediate tanks. From these tanks the 
three gasolines will be pumped back to the unit 
for “ Solutizer ’’ treatment, and then passed on 
to a further set of tanks, from which they will 
flow to the blending unit where tetra ethy] lead 
and dye will be added. After this final treat- 
ment the gasolines, together with the auto- 
motive diesel oil and fuel oil will be stored in 
the finished product tank farm, at the eastern 
end of the refinery, ready for shipment by rail, 
road, barge or oil tanker. 

The residue from the vacuum tower will form 
the charge for the propane de-asphalting unit, 
in which liquid propane will be used as a solvent 
to produce a lubricating oil, known as 
de-asphalted oil, and a residue propane tar, 
both of which will then flow to intermediate 
tanks. Four stocks will be charged to the 
furfural solvent refining uhit, and they will 
consist of three lubricating oil distillate cuts 
from the vacuum tower and the de-asphalted 
oil. Furfural solvent will remove the undesir- 
able constituents from the stocks, each of which 
will be run successively, on the blocked opera- 
tion method, and then to run-down 
tanks. The lubricating oil base stocks produced 
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will be spindle, light and heavy neutral oils, and 
bright stock, of different viscosities. The base 
stocks, just enumerated, will pass successively 
to the ““M.E.K.” dewaxing unit, where a solvent 
mixture of methyl ethyl ketone will be added 
and the resulting solution chilled and filtered, 
The by-products consisting of slack wax and 
petrolatum will be stored in tanks, and the 
petrolatum will be re-run to produce mixro-y, ax 
and slop petrolatum. 

After storage in intermediate tanks ‘he 
dewaxed oils will be charged to the ‘“Thermo/r” 
continuous percolation unit, which will have 
two decolourising sections, one for oil and one 
for wax. The lubricating oil base stocks \. jl] 
be charged successively, while the wax will be 
charged continuously. The base stocks, after 
treatment, will be stored ready for shipping 
to the compounding plants, while the wax vil] 
flow to intermediate tanks before passing to 
the wax slabbing building, where it will be 
slabbed ready for marketing. 

Steam for process purposes and for develo))- 
ing power will be generated in three boilers, 
each designed to produce 200,000 lb of steam 
per hour. The electrical power plant will 
consist of three 5000kVA generators, each 
driven by three-stage steam turbines. Fresh 
water for the refinery’s needs will be supplied 
by the East Essex Waterworks Company 
stored in a tank and then softened by a hot 
lime and hot zeolite system. 





Limits and Fits for 
Engineering 

A Drarrt revision of B.S. 164, ‘ Limits and 
Fits for Engineering,’’ has just been issued 
by the British Standards Institution. B.S. 164 
was first issued in 1906 and a revised edition 
was published in 1924. In 1937, on the recom- 
mendation of the Institution of Production 
Engineers, a technical committee was set up to 
consider the revision of the 1924 edition, but 
with the advent of war it was considered 
inadvisable to make any important change in 
the system. A revised edition was, however, 
published in 1941, and in this wartime issue the 
essential tables were reproduced unaltered from 
the 1924 edition, but the explanatory text was 
revised and simplified. 

After the war further thought was given 
to a complete revision of the standard and the 
appropriate committee formulated proposals 
for a system which, whilst offering a wider 
choice of fits than the existing standard, was 
nevertheless based on similar principles. Work 
on this revision had been completed and the 
new edition was approaching publication when 
developments occurred in the field of inter- 
Services standerdisation which made it appear 
desirable to review the whole question. 4 

As a result of discussions which took place 
at a conference between Service representa- 
tives of the United Kingdom. the United States 
and Canada at Ottawa in November, 1950, the 
committee agreed to re-examine the subject 
and investigate the possibility of obtaining a 
universal inch system of limits and fits. After 
due consideration it was decided to develop 
a new series of tables based on the I.8.A. 
system and the system described in this draft 
is based on J.S.A. Bulletin 25, the metric 
tolerance values having been converted into 
inches. 

The system covers the size range 0-04in to 
19-686in. Work is being undertaken by I.8.0. 
committees on sizes above and below this range, 
and considerable attention is also being given 
to the problem of preparing reliable data in 
the form of recommended tolerances which can 
be used on a wide range of standard applica- 
tions over the whole of the size range covered 
by the tables. These data, when available, will 
be published as Part 2 of this British Standard. 

For the benefit of those organisations using 
the metric system, the I.8.A. metric tolerance 
tables are also included in this British Standard. 


GENERAL NoTEs ON THE SysTEM 


The system comprises suitable combinations 
of sixteen qualities of tolerance, or, in other 
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words, grades of accuracy of manufacture, and 
twenty-one grades of fit for both hole and shaft 
ranging from fits of extreme interference to 
those of extreme clearance. All but very 
exceptional engineering requirements are 
covered, from very coarse work to fine gauge 
manufacture. A selection of fits for general 
use is given and further guidance on 
tolerances for shafts and holes for a wide range 
of fits will be given in Part 2 of this British 
Standard when published ; but it is intended 
that a particular industry or organisation should 
extract and use those limits which suit its own 
product. A unilateral hole basis system is 
recommended, but a full range of holes suitable 
for use on a shaft basis system, unilateral or 
bilateral, is also included in the tables. 


SCoPE 


The recommendations made in this British 
Standard apply particularly to fits between 
cylindrical parts, briefly designated as ‘‘ holes ” 
and “ shafts,”’ in which case the term “ size ”’ 
refers to the diameter of the mating parts. 
The data may also be applied in appropriate 
cases, by suitable selection of the grades of 
allowance and tolerances, to fits between 
mating parts other than cylindrical, in which 
case the ‘‘size”’ refers to a length, width or 
other dimension instead of to a diameter. 
Tables of preferred basic sizes are included to 
obviate indiscriminate selection of dimensions. 
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Basis or CONVERSION 

In order to obtain strict interchangeability 
between parts made to the I.8.0. metric 
system of limits and fits and to the equivalent 
inch system, both of which are contained in 
this British Standard, the inch tolerance values 
have been obtained not from the I.8.0. tolerance 
formule, but by direct conversion of the 
metric tolerance values, 

The method of compiling the tables is identical 
with that used in the I.8.0. system, namely :— 

(i) The fundamental tolerances (IT1 to 
IT16) are obtained by converting and rounding 
the metric values. 

(ii) The fundamental limits of tolerance 
(“A” to “Z” for holes and “a” to “z” 
for shafts) are obtained by converting and 
rounding the metric values. 

(iii) The final limits of tolerance are obtained 
by adding the fundamental tolerances to, or 
subtracting them from, the fundamental limits 
of tolerance. 


DIAMETER STEPS 


The original metric version uses diameter 
increments or steps based partly on preferred 
numbers and partly (in the sizes below 180mm) 
on existing Continental practice. In the transla- 
tion these steps have all been retained and 
converted to convenient inch equivalents, 
rounding being to the nearest thousandth of 
an inch in the upward direction. This ensures 
that preferred design sizes do not fall between 
the exact equivalent and the rounded value. 


The British Contribution to Television 


HIS week the Institution of Electrical Engi- 

neers is holding a convention on the British 
contribution to television. The convention 
opened on Monday, April 28th, when the 
inaugural ceremony was performed by the 
Rt. Hon. Lord Woolton, Lord President of 
the Council, and was followed by introductory 
addresses by the president of the Institution 
of Electrical Engineers, Sir John Hacking, 
and by the Director of Technical Services, 
B.B.C., Sir Noel Ashbridge, who is a past- 
president of the Institution. All the technical 
sessions consisted of a survey paper, read in 
abstract form, followed by a number of more 
specialised supporting papers on the same 
subject, and by a discussion. In all eighty- 
three technical papers were presented. 

The opening session was followed by an 
official luncheon, attended by delegates from 
nineteen nations, and the afternoon session 
was devoted to a paper on the history of tele- 
vision, by G. R. M. Garratt (the Science Museum, 
London), and A. H. Mumford (Post Office 
Engineering Department). A summary of the 
paper is reproduced herewith. 


History OF TELEVISION 

Since practical television, like photo-tele- 
graphy, involves some kind of scanning opera- 
tion, the origins of television can be found in 
the observations made by Becquerel in 1839, 
that when two electrodes are immersed in a 
suitable electrolyte and illuminated by a 
beam, an electromotive force is generated 
between the electrodes. The next stage in 
the development of photo-electricity that was 
applicable to television was the discovery by 
Willoughby Smith in 1873 of the effect of light 
on the resistance of selenium. This discovery 
had no immediate sequel, but the era of stimu- 
lated progress which followed Bell’s invention 
of the telephone in 1875 provided the back- 
ground for numerous ideas for “seeing by 
electricity.’”’ Many of the resulting inventions 
were impracticable chiefly because other dis- 
coveries and developments essential to the 
realisation of the main ideas had not been 
made, 

Early in the present century interest in the 
possibility of distant electric vision was revived 
by the gradual development of photo-electric 


elements, and by the production of the first 
commercial cathode-ray tubes by Braun in 
1897. Boris Rosing, in 1907, suggested the 
use of a cathode-ray tube as the receiving 
element in a system of ‘‘ remote electric vision.” 
In 1908 Campbell Swinton, in a letter to 
Nature, outlined a scheme very similar to 
modern systems with their electronic scanning 
at both transmitter and receiver, but this 
had to await parallel developments, which in 
due course produced the required kinds of 
cathode-ray tubes and photo-electric mosaic 
cameras, before it became a practical propo- 
sition. Modern television owes much to the 
researches and achievements of many different 
and distinguished workers, but in essence it 
has been developed upon the fundamental 
lines first enunciated by Campbell Swinton. 

After the development of thermionic ampli- 
fiers, fresh interest in the possibilities of tele- 
vision was stimulated from 1921 onwards by 
the efforts of Mihaly in Budapest, Jenkins in 
America, and Baird in England. As early 
as 1926 Baird, giving a demonstration at the 
Royal Institution, showed images, with grada- 
tions of light and shade, of moving human 
faces. Baird will always be remembered for 
his persistence and for his faith in the ultimate 
success of television, a faith which he instilled 
into others, and which thereby stimulated 
research and aroused great public interest. 

The final stages of the paper traced the 
development of television and showed that by 
the early 1930s the basic ideas underlying 
much modern practice were well developed. 
For instance, by 1934 Baird Television, Ltd., 
had evolved an entirely mechanical system 
giving a definition of 240 lines with twenty- 
five pictures per second, sequentially scanned. 
Early in 1935 Electric and Musical Industries, 
Ltd., who had been working mainly on a purely 
electronic system similar in broad outline to 
that originally suggested by Campbell Swinton, 


were demonstrating what was later to become - 


well known as the Marconi-E.M.I. system. 
This used a camera of the Smitson type and 
gave a definition of 405 lines; interlaced 
scanning at twenty-five pictures per second 
gave fifty frames per second. As a result of 
the recommendations of the Selsdon Tele- 
vision Committee, appointed by the Post- 
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master General in May, 1934, the B.B.C. 
ordered equipment both from Baird Television, 
Ltd., and from the Marconi-E.M.I. Television 
Company, Ltd., for use at the Alexandra 
Palace television station of the Corporation. 
This station, the first in the world to transmit 
high-definition television, was opened on 
November 2, 1936, using the two systems 
alternately, each for a week at a time, until 
the beginning of February, 1937, when the 
Marconi-E.M.I. system was finally adopted 
for the regular public service. 


PROGRAMME ORIGINATION 


On Monday evening there was a visit to the 
B.B.C. Television Studios, Lime Grove, Lon- 
don. The third session was held on Tuesday 
morning, when a paper, “‘ Television Programme 
Origination: The Engineering Technique,” 
was presented by D. C. Birkinshaw (B.B.C.). 

The paper began by considering very briefly 
the development of the pre-war B.B.C. tele- 
vision service and referring to other papers 
published during that period. The paper then 
recorded the immediate post-war planning for 
expansion and discussed the origin of the 
White City scheme, the Lime Grove studio 
building and, lastly, the marked development 
in television outside broadcasts. Up to that 
point the paper was concerned with the 
broader basis of planning and not with technical 
detail. It went on to discuss the several types 
of camera equipment which have been used in 
this country for studio or outside broadcast 
purposes. The technique of television engi- 
neering operations being completely bound 
up with the properties of camera tubes and 
their associated circuits, this subject has 
been treated in some detail. Brief mention 
was also made of the associated sound equip- 
ment. 

Certain points of interest in the design of 
control and apparatus rooms were next treated, 
followed by a discussion of the purposes and 
technique of presentation as opposed to pro- 
duction, presentation being a section of tele- 
vision activity which has assumed considerable 
importance in recent years. 

The paper was written from the point of 
view of the user, but not without some sym- 
pathy for the problems presented to the 
designer. Several of the supporting papers 
have been contributed by designers, however, 
so that the complete series of papers should 
present an overall picture. 


BROADCASTING STATIONS 


The fourth session (Tuesday morning) was 
concerned with broadcasting stations and 
opened with a survey paper, “ Television 
Broadcasting Stations,” by P. A. T. Bevan 
(D.S.L.R.). 

The paper gave a survey of the television 
transmitting scheme by which the British 
Broadcasting Corporation hopes to serve the 
greater part of the population of the United 
Kingdom. The basic factors underlying the 
choice of scheme were discussed, together 
with the arrangements for dividing the avail- 
able 41-68 Mc/s frequency band into five 
separate operating channels. The proposals 
for operating two geographically separated 
transmitters, one high-power and the other 
low-power, on each channel to complete a 
ten-station plan, and the precautions to mini- 
mise co-channel interference, were explained. 
Some of the problems of site selection for trans- 
mitting stations were presented and a brief 
account was given of some of the propagation 
phenomena which influence the estimation of 
service area. 

The general design of the complete equip- 
ment used at both the high and low-power 
transmitting stations was described with par- 
ticular reference to the different kinds of vision 
and sound transmitters, combining circuits 
and aerial systems in order to indicate the 
progress made, to illustrate the trend of future 
developments, and to act as an introduction 
to the more specialised papers in which this 
equipment was described in detail. 

On Tuesday afternoon delegates to the 
conventions were able to visit either the 
Post Office Research Station, Dollis Hill, or 
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the Museum Telephone Exchange, which is 
the terminal of the London-Birmingham tele- 
vision link. 


PROPAGATION 


The fifth session was held on Tuesday even- 
ing and began with “A Survey of British 
Research on Wave Propagation with Particular 
Reference to Television,” by R. L. Smith- 
Rose (D.S.I.R.). 

The paper reviewed the results of investi- 
gations conducted in the United Kingdom on 
the propagation of radio waves of the fre- 
quencies assigned for the existing-and future 
television services. Within the service area, 
this propagation is largely determined by the 
nature of the terrain over which the waves 
travel, including the effects of hills and valleys, 
trees, buildings and similar departures from 
the ideal smooth-earth condition. The field 
strength from the transmitter remains reason- 
ably constant, but variations may occur as a 
result of interference between the direct wave 
and the waves reflected or scattered by moving 
objects such as aircraft. Apart from such 
interference, the practically-attained field 
strengths are in reasonable agreement with 
those estimated from theory. 

In recent years considerable investigation 
has been carried out on the propagation of 
radio waves in the Im wave-band (frequencies 
30 to 300 Mc/s) at distances of a few hundred 
kilometres. At such ranges, well beyond the 
normal, optical horizon, the propagation is 
affected to a major degree by meteorological 
conditions. The general level of field strength 
and the variations superimposed on it are 
determined, first, by the changes in gradient 
of the refractive index of the atmosphere, 
and seeondly, by the presence of temperature 
inversions which, at heights of one or two 
kilometres, may act as reflecting layers. 
Furthermore, at distances approaching the 
limits of practical reception, regions of dis- 
continuity of refractive index in the atmosphere 
may be a source of scattering of radio waves, 
and result in an extension of the normal 
range of transmission. 

Under suitable conditions, transmission of 
waves in the frequency band mentioned above 
may also take place to distances of several 
thousand kilometres by way of the ionosphere, 
but experience up to the present time suggests 
that occurrences of reception due to this mecha- 
nism are comparatively rare for normal trans- 
mitter-powers and receiver-sensitivities. 

Apart from the use of radio links at fre- 
quencies in the region of 900 Me/s, compara- 
tively little opportunity has so far arisen for 
the study of radio-wave propagation in the 
band 490 to 960 Mc/s, in which much of the 
future development of television is likely to 
take place. At higher frequencies, between 
3000 and 10,000 Mc/s, several investigations of 
wave propagation have been made in the past 
decade in association with the development of 
centimetre-wave radar. Much of this work 
was carried out over sea paths ; but some of it, 
conducted over land, has already provided 
certain information on propagation charac- 
teristics, and this will prove of interest in 
connection with more detailed investigations 


which are now in progress. It seems likely, - 


however, that the use of such frequencies in a 
television service will be confined to radio 
links for point-to-point distribution. 

In the evening there was a visit to the B.B.C. 
Television Studios, Lime Grove, W.12. 


Pornt-TO-Pornt TRANSMISSION 


The sixth session (Wednesday morning) 
was concerned with point-to-point transmission 
and began with a survey paper, “‘ Permanent 
Point-to-Point Links for Relaying Television,” 
by H. Faulkner, (Deputy Engineer-in-Chief of 
the Post Office). 

As stated in the paper, experience in the 
United Kingdom has shown that excellent 
results can be obtained either by cable or by 
radio transmission, and the choiee between the 
two systems must therefore be largely a ques- 
tion of economics. 


Two coaxial cables are already in operation : 
one is between London and v= hare wren and 
uses lin coaxial pairs transmitting frequencies 
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in the band 3-7 Mo/s with a carrier at 6-12 
Mc/s, whilst the other is between Birmingham 
and Manchester and uses jin coaxial pairs 
transmitting frequencies between 0-5 and 
4 Me/s with the carrier at 1 Mc/s, asymmetric- 
sideband methods being used in both cases. 
A radio link between London and Birmingham, 
operating at about 900 Mc/s, has also been in 
service for an extended period, and a 4000 
Mc/s microwave link has been installed between 
Manchester and Edinburgh, frequency-modula- 
tion being used in both systems. 

The cost of television transmission by cable 
depends largely on how the provision of a 
system fits in with the development of the 
trunk-telephone network. Where a television 
relay system and a large number of new tele- 
phone channels are required over the same 
route, composite cables can be laid, to carry 
both services, thereby spreading the cost of 
the cable sheath, ductwork, repeater buildings 
and local services between the two systems 
with considerable economy. On routes where 
there is no telephony requirement, however, 
a radio link is generally the cheaper system. 
When radio links for the simultaneous trans- 
mission of both television and multi-channel 
telephony have been developed, the present 
economic advantages of cable links on combined 
television and telephony routes may be nullified. 


INDUSTRIAL TELEVISION 


On Wednesday afternoon the subject of 
‘Industrial Television’? was discussed in the 
seventh session, which began with a survey 
paper by R. C. G. Williams, (Philips Electrical, 
Ltd.). 

This paper reviewed the various applications 
of television technique outside the field of 
broadcasting. Television has obvious applica- 
tions in providing the sense of sight in situa- 
tions where it is either dangerous or physically 
impossible for the head and body of the 
observer also to be present, and in analysis 
and examination. In ‘addition there are 
special applications of certain techniques the 
perfection of which has been encouraged by 
television development. 

Historically, Britain has pioneered in indus- 
trial television no less than in _ broadcast 
television. In 1926, Baird demonstrated 
**nocto vision,’ in which the extension into 
the infra-red was exploited to give pictures 
without visible light ; theatre television using 
a thirty-line lamp sereen was also shown by 
Baird in 1930, while in 1936 E.M.I. developed 
aircraft to ground television. 

Applications may be roughly divided into 
the following three groups :— 

(1) Applications Which May be Associated 
with Broadcast Television.—Broadcast television 
relay, commercial television relay, education 
and training applications, large screen tele- 
vision. 

(2) Applications of Television to Industrial Use. 
—In this group of applications immediate 
information is of interest to a limited number 
of outlets, in some cases only one, and in 
general takes advantage of the “ extension 
eye” principle. It includes transmission of 
documents, maps, hooks and small objects ; 
remote metering, examination of water-level 
in boilers and checking of oil burner flames ; 
demonstrations of surgical operations, mecha- 
nical handling or observation of dangerous 
processes and military observation, under- 
water television, film aids. 

(3) Special Applications of 7 slevision Tech- 
nique.—Use of the scanning principle in the 
flying-spot microscope and in preparation of 
printing blocks or stencils; use of the prin- 
ciple of acceleration and foeusing of an elec- 
tron picture for investigation of X-ray images 
or observation of high-speed phenomena. 

The engineering of non-broadcasting appli- 
cations provides wide scope for the designer. 
On the one hand he is relatively free from 
bandwidth restrictions so that the maximum 
amount of information may be passed in the 
form of high definition or colour, but against 
this he must also from a cost viewpoint con- 
sider the minimum information that is neces- 
sary and the advantages of using standard 
broadcast apparatus that may be available. 

During the evening a display of large screen 
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television was given in the hall of the Instity. 
tion of Civil Engineers. 


RECEIVING EQUIPMENT 


The eighth session, which was held on 
Thursday morning, was devoted to cathode. 
ray tubes and valves. The subject was intro. 
duced by J. D. Stephenson, F.H. Powell, 
T. W. Price and F. M. Walker, who surveyed 
the progress made in the design and manu. 
facture of cathode-ray tubes and valves for 
television, the survey being divided into «he 
following three distinct stages—the pre-war 
period, the wartime period of quiescence 
and the post-war years. A number of support- 
ing papers developed the theme in greeter 
detail and, to illustrate the contribution made 
by Great Britain to the development of valves 
and cathode-ray tubes, visits were made by 
delegates, during the day, to the works of 
nine manufacturers. 

The concluding technical sessions are being 
held to-day (Friday). In the morning the 
subject of circuit techniques as applied to 
British television receivers is being introduced 
by A. J. Briggs and E. O. Holland. In 
the afternoon television as a communications 
problem will be introduced by L. C. Jesty, who 
will discuss the importance of maximum 
efficiency in the transmission of television 
signals, because of the necessity of conserving 
the facilities that could be derived from the 
ether. 

The convention ends to-morrow (Saturday) 
with alternative visits to the B.B.C. television 
stations at Sutton Coldfield and Holme Moss. 





A One-Ton Fork Truck 


Last week a demonstration with a prototype 
model of a new 1-ton fork truck was given by 
Matthews Bros., of Sandy Lane North, Walling- 
ton, Surrey, at the Dagenham works of the 
Ford Motor Company, Ltd. This machine, like 
the larger-capacity truck made by the firm, is 
fitted with large pneumatic wheels and _ is 
equally suited to working in the open on rough 
ground or in confined spaces within an industrial 
building. 

The truck, which is to be seen in the photo- 
graph reproduced on this page, is only just over 
7ft long without its forks, has a track width of 





A ONE-TON FORK TRUCK 


46in and its ground clearance at the lowest 
point is 9in. It is mounted on two front wheels, 
through which the drive is taken, and a single 
rear wheel, through which it is steered. A new 
design of steering is fitted and the truck has a 
turning radius of only 75in, the rear wheel fork 
turning through an angle of 127 deg. at full 
lock. 

Of the two models of the machine to be made, 
one will haye a 9ft operating height, giving a 
floor to mast top distance of 89in at the lowest 
position and 13lin fully extended. The other 
will operate up to 12ft, its minimum and 
maximum mast heights being 107in and 167in 
respectively. Both of the machines will have 
roller masts operated by a hydraulic cylinder 
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through flexible steel wire ropes. The model 
with the shorter mast will handle loads of up 
to 1 tou, whilst the other will have a maximum 
capacity Of 19001b, the inch-pound rating 
varying accordingly. “Lhe prototype model 
demonstrated was arranged for the 1900 Ib 
capacity. 

The new machine has a fabricated box- 
section chassis with a rigid bridge structure at 
the rear supporting the single wheel through 
which steering is effected. Four weights and a 
heavy rear cover casting over the wheel form 
an effective ballast for the truck. Its mast 
assembly consists of high-tensile steel channels 
sliding on rollers and operated by a double- 
acting hydraulic cylinder. It can lift loads 2ft 
with no increase in overall height and can be 
tilted 12 deg. backwards and 4 deg. forwards 
by a second double-acting hydraulic cylinder, 
which is supported by a stanchion over the rear 
wheel. 

The hydraulic system is supplied with 
ressure fluid by a gear pump driven by vee 
belt from the engine crankshaft. A preset relief 
valve protects the system from overloading and 
movements of the hydraulic cylinders are con- 
trolled through a twin sliding valve unit by a 
single lever. 

The power unit of the machine is a 10 h.p. 
Ford industrial petrol engine. The engine 
drives the front axle through a three-speed and 
reverse gearbox, and a chain reduction unit. 
This chain reduction unit consists of a sprocket 
at the rear of the gearbox driving a sprocket on 
the propeller shaft leading forward to the front 
axle differential. By this arrangement of the 
transmission it has been possible to shorten the 
driving unit by some inches and reduce the 
overall length of the truck a proportionate 
amount to give a wheel base of only 53in. 

For steering purposes a wheel and column 
is connected by a forged chain to a worm 
and worm wheel over the single rear road 
wheel. The welded steel rear wheel fork unit 
actuated by the worm gear is carried on 
tapered roller bearings. In addition to the 

ving forks, a range of attachments can be 
fitted on the machine to adapt it for other 
classes of work. 

In the course of the demonstrations the new 
machine was used for handling loaded pallets 
on and off lorries and manceuvring loads in 
confined spaces. In an open stockyard with a 
rough uneven surface it was used for lifting 
and placing baulks of timber 20ft long, towing 
a trailer and payload weighing between 65 tons 
and 6 tons, stacking pallets carrying eight 
chassis frames, &c. To demonstrate the 
machine’s capacity on gradients it was driven 
up and down a 1 in 5 gradient with a cinder 
surface when carrying a pallet load of wheel 
castings weighing some 15 cwt. 
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The “ V.R.180 ” Tractor 


At a ceremony at the works of Jack Olding 
and Co., Ltd., Hatfield, Herts, on Wednesday 
of last week, the first of the Vickers ‘‘ V.R.180 ”’ 
tractors to come off the production line was 
“launched” by the Secretary for Overseas 
Trade, Mr. H. Hopkinson, M.P. This heavy 
tractor, which is illustrated herewith, has been 
designed and is now being built by Vickers- 
Armatrongs, Ltd. It is well suited for working 
earth-moving equipment in quarrying, open- 
cast mining and clearance operations in this 
country and in reclamation and development 
schemes overseas. 

The hull of the tractor is a rigid structure 
made up of gin steel plate. It carries the front 
suspension unit, engine and cooling system, 
and entirely encloses the sump and oil reservoir. 
The transmission unit is secured by fourteen 
tin bolts and the drawbar is attached to the 
rear of the hull. The fully articulated sus- 
pension enables the tractor to surmount obstruc- 
tions without losing speed or straining the 
hull. -The tracks are free to follow all con- 
tours of the ground, a step which, the makers 
claim, has been achieved by fitting four large 
diameter track wheels on each side and by 
linking them in two pairs. The forward pairs 
of wheels are free to move laterally on the 
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central pivot beneath the hull and radially on 
their own supports; the rear pairs of track 
wheel and sprocket assemblies oscillating 
radially only, their pivot centre being on the 
output drive shaft from the reduction gear. 
The rear track wheel and sprocket assembly on 
either side of the machine incorporates the 
final drive, the final drive gear train being so 
arranged that the reacting torque which tends 
to turn the whole housing around its central 
pivot is exactly equal and opposite to the 
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on the ground being 8ft 8in. At the rated 
engine speeds, during the manufacturers’ 
tests, the tractor has exerted a drawbar pull, 
in first gear, of 26,100 lb and it has been 
calculated that, at reduced travel speed, with 
maximum engine torque, a maximum drawbar 
pull of 29,500 Ib can be obtained in first gear. 
Items of earth-moving equipment which 
Vickers-Armstrongs, Ltd., is producing for 
operation with the new tractor include a 12 
cubic yard scraper, a cable dozer and a cable 
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torque reaction exerted by the track on the 
sprocket. 

The power unit of the “V.R,.180” is a 
Rolls-Royce supercharged vertical in-line, six- 
cylinder engine,—with a bore of 5-125in and a 
stroke of 6in—with four-cycle direct-injection 
compression ignition and dry sump lubrication. 
The engine will develop 180 belt horsepower 
at a governed speed of 1800 r.p.m. There 
are removable wet surface cylinder liners and 
the twin cast iron cylinder-heads serve three 
cylinders each, the fuel injectors being located 
in the top of the cylinder-heads. The dry sump 
and oil reservoir are contained in a one-piece 
aluminium alloy casting, which is fully pro- 
tected by the tractor hull. A full description 
of this engine was given in ‘‘ THE ENGINEER”’ 
July 20, 1951. The gearbox consists in principle 
of two boxes built into one, The upper layer 
of the box provides high ratio, low ratio and 
reverse whilst the lower set of gears gives 
three relative speeds in each particular ratio. 
In practice this combination provides six 
forward speeds, ranging from 2-18 to 9-73 
m.p-h., and three reverse speeds between 2-66 
and 7:98 m.p.h. The dry sump lubrication 
system has been fitted to the engine to ensure 
that, even under extreme conditions of tilt, 
the oil circulation is maintained at full pressure. 
The oil to water heat exchanger, which is 
mounted along the left-hand side of the dry 
sump, eliminates the need for a- separate 
external oil cooler, and provides a means of 
bringing the oil rapidly up to working tempera- 
ture after a cold start. Starting is effected by 
a 24V starter motor operated by four 6V heavy- 
duty, 185A-hour batteries ¢onnected in series. 

The tractor is steered by two levers, which 
operate the right and left steering clutches 
and brakes and the parking brakes. Foot 
pedals operate the accelerator, the master 
clutch and over-riding brakes. Two gear 
levers are provided, one for high, low and 
reverse gears, and the other to select the 
three alternative ratios. Twin throttles can 
be operated by either hand to give constant 
pads running. The overall length of the trac- 
tor is 14ft 8$in, the overall height from tip 
of grouser to highest point, is 7ft 23in, and the 
width is 8ft 8in. The gauge from centre to 
centre of tracks is 6ft 8in, the length of tracks 


control unit. Jack Olding and Co., Ltd., is 
responsible for the sales of the tractor and the 
earth-moving equipment. They will be exhi- 
bited by that firm at the forthcoming British 
Industries Fair at Birmingham. 





Non-Ferrous Metals Research 


THE thirty-second annual report of the 
British Non-Ferrous Metals Research Associa- 
tion, which was issued last week, surveys the 
Association’s activities during 1951. It states 
that the work of the research department has 
been concerned to'an increasing extent with the 
problems arising from shortages and the 
difficulties of supply which were so apparent 
in some sections of the metal industry during 
the year. Among the new researches initiated 
last year, the report mentions a study of several 
possible alternative methods for the extraction 
of both copper and elementary sulphur from 
sulphidic copper ores. Part of the work is 
proceeding in the Association’s laboratories in 
London, where attempts are being made to 
extract the two elements by aqueous leaching 
of the concentrates, and some of the work is 
being done at Cambridge under the supervision 
of Dr. T. P. Hoar, who is investigating the 
possibility of extracting copper and sulphur 
simultaneously by electrolysis of the copper- 
bearing minerals in fused salt baths. Another 
new research is concerned with the cold working 
behaviour of certain aluminium-base alloys 
which are likely to find extensive use in general 
engineering applications. At the present time, 
the report says, several varieties of the same 
kind of alloy are produced commercially to 
meet the slightly different requirements of 
various practical applications, particularly in 
the fabrication of semi-finished products into 
their final form. The object of the new research - 
is to throw more light on the factors affecting 
the forming behaviour of the materials, in the 
hope that fewer alloys may be needed to meet 
the general requirements. The initial approach 
to the problem involves a study of the mecha- 
nical properties of various commercial alloys 
at ordinary temperatures, and, if it appears 
desirable, this will be followed by a systematic 
study of the influence of composition and other 
variables. 
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Ship Structural Members 


JE summarise below a paper entitled 
“Ship Structural Members—Part V,” given 
before the Institution of Engineers and Ship- 
builders in Scotland in April 8th, by Mr. A. G. 
Hadjispyron and Mr. H. Lackenby, M.Sc. 

This is the fifth paper dealing with tests on 
ship structural members carried out at the 
B.S.R.A. research station at Glengarnock, 
and represents a continuation of the programme 
started by the Welding Research Council in 
1939, to compare riveted and welded stiffening 
under conditions of constraint obtaining in 
shipbuilding. The tests have demonstrated that 
some reduction in scantlings from riveted 
standards is justified for welded stiffening. 
This. paper is concerned with stiffness 12in 
and 9in in depth and the investigations have 
included work on riveted channels and bulb 
angles and welded, built-up ‘‘ T ” bars, flanged 
plates and inverted angles; the effect of cut- 
ting scallops in the faying edge of welded 
stiffeners; the effect of various forms and 
sizes of end connections, and the cutting of 
slots in the webs of riveted stiffeners. All the 
test pieces had a span of 16ft and consisted of 
three stiffeners, spaced 24in apart, attached to 
plating 72in wide by 0-40in nominal thick- 
ness. The rigidity of the supporting structures 
remained constant and the load was applied 
to the plating. Particulars of the stiffeners, 
including the effective width of associated 
plating in terms of thickness, are tabulated 
as are the stress and deflection reductions 
of end connections compared to specimens 
with unattached ends. ‘ 

The results of the tests are presented 
graphically, by means of deflection and bending 
moment diagrams, for the various stiffeners 
and end connections. Detail sketches are given 
of the end connections, together with appro- 
priate bending moment and deflection coeffi- 
cients as derived from the stress and deflection 
measured: at mid-span. In evaluating the 
stresses from the strains as measured, 13,400 
tons per square inch has been used for the 
modulus of elasticity of the material. 

In comparing riveted with welded stiffeners 
the results confirm that the removal of the 
faying flange does not materially affect the 
strength of the combined stiffener and plating. 
The stress and deflection curves for the bulb 
angle and bulb plate, which are plotted together 
for the same loading, clearly demonstrate 
this fact. 

Regarding unbracketed stiffeners, previous 
results are confirmed, but it was noted that 
the degree of constraint was reduced with 
increasing depth of stiffener. Decreased maxi- 
mum stress and deflection was associated with 
welding the lugs and the extension pieces and, 
with regard to the latter, increased end restraint 
was linked with high stress at the ends of the 
stiffeners. The effect of bracket size and of 
welding were investigated and the results 
are shown diagrammatically. Curves plotted 
to a base of size of bracket show the percentage 
reductions of both stress and deflection, for 
riveted and welded brackets, as compared 
with unattached specimens. The reductions 
increase rapidly up to a bracket size of 27in, 
after which they become progressively less. 
Welded brackets gave a reduction of stress 
_ and deflection at mid-length over riveted end 

connections, due to their greater rigidity, and 
curves show that the maximum value occurs 
at a bracket size of 27in and that the welded 
bracket effects a reduction in stress of between 
10 to 25 per cent, while the improvement in 
deflection is slightly greater. It was found that 
scallops cut in the webs of the 12in flanged 
plate and the 12in inverted angle had prac- 
tically no effect upon stress and deflection, 
but scallops 2in deep in the 9in inverted angle 
increase the stress by 18 per cent and the 
deflection by 11 per cent, while an increase in 
depth to 3in cause the percentage increases 
to rise to 23 and 18, respectively. The cutting 
of slots in the web of the 12in riveted channel, 
close to the neutral axis, did not have any 
effect. The paper includes a note from the 
Refrigerated Cargo Research Council upon 
the effect of slots on thermal conductivity. 
Thermal resistance of a 10in by 34in channel 
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was improved by 26 per cent for 6in by 2in 
slots at 12in centres and by 47 per cent when 
spaced Yin apart, and a table gives the overall 
effect on heat leakage through insulated areas. 
This shows that the effect is only appreciable 
when the lining material has a low insulating 
value. 





Department of Scientific and 


Industrial Research 

In the annual report of the Department of 
Scientific and Industrial Research (D.S.I.R.), 
published to-day by H.M. Stationery Office, 
the Department's Advisory Council expresses 
grave concern at the delay in giving full effect 
to D.S.I.R.’s post-war plans. As regards staff, 
D.S.I.R.’s post-war plans called for an increase 
of scientific and administrative staff from 2160 
to about 4000. The staff now numbers some 
3000, and net recruitment has dropped to a 
rate of 110 a year, which the Council regards 
as too low. Annual building expenditure had 
lagged behind the £1 million scheduled, and it 
is doubtful whether expenditure will reach 


. £500,000 for the year 1951-52. 


When D.S.I.R.’s post-war plan was approved 
in 1946, the expenditure was estimated at 
about £4 million per annum—£7-5 million per 
annum at present prices. The report com- 
mented that sudden and unexpected limitation 
or cuts in the Department’s budget, especially 
in periods of rising prices, must enforce more 
than proportionate retrenchment in_ these 
parts of the Department’s work where there is 
least commitment. Yet that may well be just 
where retrenchment is least desirable. 

The Ministry of Materials had been supplied 
with technical surveys on the sulphur and 
sulphuric acid position, the consumption of 
zine and copper and substitutes for non-ferrous 
metals. 

An increasing number of D.S.I.R. Establish- 
ments and Research Associations were engaged 
in productivity surveys and a survey of research 
on the human factor in industry had been 
prepared jointly by D.S.I.R. and the Medical 
Research Council. 

The Advisory Council emphasises that 
D.S.LR.’s encouragement of co-operative 
research in industry is not based on the belief 
that the work of a Research Association is more 
valuable to its member firms than the work 
they do themselves. On the contrary, the bulk 
of industrial research must continue to be 
carried out in the Research Departments of 
individual firms. 

Worx or D.S.I.R. EstaBLIsHMENTS 

Appended to the report of the Advisory 
Council is a summary of work carried out during 
the year by the fourteen Research Organisations 
under the Department’s own control, and by 
forty-one autonomous Research Associations 
in receipt of grants from D.S.I.R. which 
emphasises the wide field covered by the 
Department’s establishments. 

The section on structural framework mentions 
the possible economy in steel attainable if a 
proper allowance could be made for the stiffen- 
ing and strength imparted by the encasements 
of the columns and beams, and infilling panels 
and floors. Controlled tests on wall-beam and 
floor-beam structures are now consequently in 
hand. Thin reinforced concrete shell roof designs 
and the use of electronic computors in the 
associated calculations were mentioned. Other 
paragraphs referred to movements of joints in 
structures and soil mechanics problems. Under 
a main heading are listed the efficiency in a 
building of heating, lighting and plumbing 
systems, and upon acoustic properties of build- 
ings and sound insulation methods. 

The report then describes the work in the 
Chemical Research Laboratory. In matters of 
fire research further work in connection with 
the radiation absorption of water droplets is 
described, the effect of radiation at fires, with 
a statistical analysis of fires in television sets, 
and the effect of humidity on the occurrence of 
fires caused by locomotive sparks. 

The Food Research Organisation has made 
further progress in the evaluation of defects 
in frozen beef, namely, the cause and loss of 
the red fluid which forms on thawing. Mention 
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is made of the effects of bacterial action op 
the trimethylene content of certain flesh, 
This section contains also a survey of the 
handling and stowage of fish at sea, and the 
effect of oiling on eggs during the period jp 
cold store and during the marketing period. 
Work on the chemistry of fruit constituents 
at the Ditton laboratory is also reviewed, 
The presence in the-apple of at least two amino 
acids and a carboxylic acid were demons yated,: 
A number of esters and alcohols havo been 
identified in the volatile products produced 
by apples in store. Further investigation: were 


carried out into the lethal effect of high. 
frequency alternating electrical fields on micro. 
organisms. 


The Forest Products Section reports that 
there has been little change in the kind and 
orientation of its work. The programme of the 
Fuel Research Organisation covered the work 
on the constitution of coal, carbonisatioi, the 
synthesis of hydro-carbons from carbon ion. 
oxide and hydrogen, smoke elimination anu the 
removal of sulphur compounds from flue zases, 
There is also an account of its extensive work 
in connection with the gas turbine and mention 
is made of the effectiveness of zinc compounds 
added to fuel oil in reducing the effects of 
vanadium. 

The geological survey and museum report 
is divided into paragraphs dealing with general 
field work particularly in the coal areas ; the 
occurrence of sulphur in this country and else. 
where; the identification of fossils collected 
during the course of official work, and geo. 
physical investigations. 

Some interesting work is reviewed in the 
field of hydraulic research. It includes tidal 
studies of the Wye estuary and the Thames 
estuary, and some new models, mechanisms and 
instruments made for these investigations are 
described. 

Work in the Mechanical Engineering Research 
Organisation is reviewed under each of the 
seven main Divisions—properties of materials 
and mechanics of solids, mechanics of fluids, 
lubrication wear and corrosion, mechanisms 
and engineering metrology, mechanics of forma- 
tion and machine shaping of materials, heat 
transfer and applied thermodynamics. In 
connection with the last-named subject, it is 
noted that work at Manchester University and 
elsewhere on the thermodynamic properties of 
binary hydro-carbon mixtures has stimulated 
some important theoretical work. 

Several pages of the report are devoted to 
the research programme of the National 
Physical Laboratory, Teddington, and each of 
the Divisions of Aerodynamics, Electricity, 
Engineering, Light, Mathematics, Metallurgy, 
Metrology, Physics, Ships and Radio, are dealt 
with separately. 

Work in the Pest Infestation Laboratory 
continued upon methods of fumigating grain 
in silo bins, the fumigation of dried fruits in 
tins, the use of certain insecticides on, and 
the over-wintering of, stored product insects. 
The Radio Research Organisation report 
summarises its work on the propagation of 
radio waves and radio noise levels. Work in 
the Road Research and in the Water Pollution 
Organisations is similarly reviewed. 

About half the report is concerned with the 
work of over forty Research Associations. 
Amongst these reports are those dealing with 
the activities of the following Research Associa- 
tions :—The British Cast Iron, the British 
Ceramic, the British Coal Utilisation, the 
British Coke, the British Cotton Industry, the 
British Electrical and Allied Industries, the 
British Hat and Allied Feltmakers, the British 
Flour Millers, the British Food Manufacturing 
Industries, the British Hydromechanics, the 
British Internal Combustion Engine, the British 
Iron and Steel, Pametrada, the Motor Industry, 
British Non-Ferrous Metals, and Production 
Engineering of Great Britain. 


——_—__ a 


Precast Princ Booxtet.—We have received 
from West’s Piling and Construction Company, 
Ltd., Columbia House, Aldwych, London, W.C.2, 
an illustrated booklet entitled West’s Piling in 
Scotland. A brief description of West’s piling is 
given in the booklet, followed by examples of its 
use on recent building contracts in Scotland 
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The Trans-Arabian Pipe-line “ Tapline 
By V. 8S. SWAMINATHAN, M.A., M.Sc.(Lond.) 
No. Il—(Continued from page 558, April 25th) 
The Trans-Arabian Pipe Line Company completed the oil pipe-line ‘‘ Tapline”’ on 


September 25, 1950. 


“ Tapline’”’ traverses four countries—Saudi Arabia, the 


Hashimite Kingdom of Jordan, Syria and Lebanon—and makes the oil resources of 
Saudi Arabia available on the eastern shores of the Mediterranean. The line is 1068 
miles long and has an initial capacity of 300,000 barrels per day ; its operation 
releases sixty-five oil tankers for other routes. 


iP was decided to lay the pipe-line, as 
the surveyors worked, beginning at each 
end simultaneously. Contracts were awarded 
to International Bechtel Inc., for construction 
of the eastern section of the line, and to 
Williams Brothers Corporation for the 
western end. Bechtel had not only the 
longest section, but also had to build its 
own terminal. Beirut, near Sidon, on the 
Mediterranean, could handle ocean shipping, 
but there was not any suitable place on the 
Persian Gulf. It was planned to tie in 
the eastern terminal with the gathering 
system for Arameco’s - producing fields, 
and to start the “Tapline” proper at 
Qaisumah. Hence, the decision was made 
to build a port 125 miles from the nearest 
habitation and 40 miles from the nearest 
potable water. This new town is Ras el 
Mishaab. Not even the barges could come 
ashore in the shallow water, but soon a sand 
jetty, and then a crushed stone pier, stretched 
out into the blue water, and barges brought 
ashore general cargo, tools and the first pipe. 
The ‘‘Tapline”’ planners then borrowed a 
page from the book of the Douglas fir loggers 
in Oregon and Washington, and a “ skyhook ”’ 
was erected 3 miles out into the Persian 
Gulf connecting the shore with a man-made 
island built to serve as an unloading point for 
ocean ships. Twenty-one A-frames were 
erected to hold the cableway, from which were 
suspended three self-propelled cars, each 
capable of hoisting 10 tons of pipe or other 
cargo. Operated in tandem, these automotive 
hoists of the cableway made the 3-mile 
journey in five minutes, and they brought 
ashore 1100 tons a day, swinging it along 80ft 
above the water. As soon as the nested 
pipes were brought ashore at Ras el Mishaab 
a special machine denested the 30in from the 
3lin pipe. Then three lengths were auto- 
matically welded, making lengths of about 
93ft each for moving on to the job. This 
operation not only reduced the field welding, 
but effected a 50 per cent saving in 


overland transport costs, because of the 
greater and more economical loads which 
could be carried with the 93ft strings. 

At a very early period of the project 
trucks and trailers too wide and too heavy 
for any United States highway had been 
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Originally . “ Tapline’s’”’ engineers had 
hoped that only a moderate amount of road 
building would be needed along the pipe- 
line’s route. But eventually, it became 
necessary to build alongside the line a 930- 
mile. long highway from Ras el Mishaab 
to an intersection with an existing road in 
Jordan. All in all, the “Tapline” project 
proved the biggest transport and truck- 
ing job of any pipe-line. Before the last 
93ft sections of pipe were welded some 3000 
million ton-miles of ocean shipping and 150 
million ton-miles of field trucking had been 
utilised. 

Supplying the materials for the execution 
of the project was the greatest peacetime 
problem in logistics and the steady stream of 
materials from some 5000 different firms in 
America rolled past the specially erected 
camp sites. Shipment was planned and 





BADANAH PUMPING STATION 


built and tested on the desert of New Mexico 
under conditions akin to those prevailing 
in Saudi Arabia. So when the first pipe 
arrived at the destination there were trailer 
trucks on the spot capable of hauling lengths 
of ninety-three feet weighing up to fifty tons. 





SIDON TANK FARM CONTROL MANIFOLD 





carried out so that each article arrived at 
the site shortly before it was required, thus 
preventing mountainous stock piles at the 
terminals. 

Next to the pipe itself, totalling 265,000 
short tons, the greatest single item was 
automotive equipment. The desert fleet of 
cars and trucks exceeded 1500 units. These 
included 150 of the giant 50-ton truck- 
tractors for hauling the pipe itself, 120 10-ton 
trucks, 500 trailers, eighty refrigerator trucks 
and trailers for moving perishable foods, 
sixty fuel and water trucks, twelve lunch- 
serving trailers, forty buses of sixty-passenger 
capacity, ten sixty-passenger cars, station 
wagons, jeeps and a variety of other types. 
In addition, there were earth-handling 
machines, bulldozers, ditchers and graders, 
&e. To meet difficult conditions of 
of terrain and climate—sand and rock and 
terrific heat—the big trucks were equipped 
with double radiators having twice the 
capacity of the largest used elsewhere. Each 
truck carried 300 gallons of petrol, the 
tanks being 6ft lengths of the 30in pipe. 
At first the tyres gave the chief trouble. 
Pipe-carrying trucks and trailers were 
equipped with eight, ten or twelve-ply 
tyres, 14x20, and in sandy regions they 
were inflated only to between 15 lb to 20 Ib. 
These tyres were so huge that when punctured 
they could only be lifted on and off. by the 
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winch carried in the leading truck of each 
convoy. Most of the punctures were traced 
to the small pieces of welding rods and other 
scraps of metal strewn along the highway as 
the great pipe was pushed across the desert 
at the rate of a mile or more per day, but 
when the highway was patrolled by a 
magnet truck which picked up all loose 
metal, the tyre trouble was markedly reduced. 

About one out of every twenty welds was 
photographed by gamma rays from radium 
sulphate capsules inserted in the pipe where 





AERIAL CABLEWAY UNLOADING PIPES 


a joimt was to be tested. A strip of this 
film was wrapped around the pipe at the 
weld and the gamma rays emitted by the 
capsule exposed the film to give a picture of 
any flaws which might be a source of trouble. 
About 60 per cent of the line is buried and 
40 per cent is above ground. Where buried 
the pipe was first coated with asphalt, fibre 
glass and still more asphalt. Where elevated 
it is held in ring girders, resting on concrete 
bases where the sub-surface is solid, and 
supported on steel bents where marshy 
spots are crossed. The line runs mainly 
straight ahead, but there are some changes 
of direction, and wherever there is a change 
of more than 1 deg. there are extra anchors. 
The “ Tapline ” is completely buried through 
Lebanon, Syria and Jordan, and is either 
buried or laid above ground in Saudi Arabia 
depending upon which is the most economical 
method. Above-ground construction was 
employed across corrosive salt flats in the 
vicinity of Abqaiq, Qatif and Abu Hadriya. 
All large gate valves in the system were 
manufactured by the W.K.M. Company, 
Inc., and are of the double-seating, ring- 
follower pattern; the 30in gate valves 
weigh about 11 tons each. 

The Sidon terminal is 1068-2 miles, or 
1720km, from the Abgaiq station as measured 
along the line. It is on the Mediterranean 
shore in Lebanon some 35 miles south of 
Beirut and 5 miles south of the ancient port 
of Sidon. The terminal has thirteen 180,000 
barrel floating-roof tanks at 360ft to 370ft 
elevation, and one 25,000 barrel cone-roof 
slop tank for crude oil storage. There are, 
in addition, three 180,000 barrel floating- 
roof tanks at an elevation of 280ft, and three 
14,000 barrel cone-roof gauging tanks near 
the shore line for bunkering. storage and 


gauging respectively. 
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The pipe-line drops sharply in altitude 
as it approaches the Sidon terminal, and in 
the last 20 miles there is a fall of almost 
1500ft. To prevent the line from running 
partially empty in the approach section, and 
to minimise the effect of resulting surges, a 
back pressure control system has been 
installed at the terminal. This installation 
consists of twelve 3in friction tube bundles, 
each 40ft in length connected in parallel. 
Depending on the rate of flow, one or more 
friction tube bundles are opened or closed 
to maintain a desired 
back pressure control. 
The tank farm valves 
are remotely controlled 
from a central board in 
the tank farm control 
house. Crude oil off- 
loading to ships is re- 
motely controlled from 
a central board in the 
shore manifold control 
house. The Table gives 
details of the four 
submarine berths. 

Crude oil off-loading 
is by gravity flow 
at maximum ates 
ranging from 19,000 to 
26,000 barrels per hour. 
Bunkering off-loading 
is effected by transfer 
pumps from _ shore 
gauging tanks at rates 
between 1000 to 5000 
barrels per hour. To 
begin with, fuel oil 
supplies will be re- 
ceived at Sidon from 
tankers and boosted 
by shore pumps to the 
280ft level fuel oil 
storage tanks. For 
unloading and off-loading bunkers there are 
four Byron Jackson single-stage horizontal 
centrifugal pumps rated at 5500 barrels 
per hour at 84 lb per square inch pressure 
directed connected to General Motors 260 h.p. 
twin-diesel engines. These pumps may also 
be used for transferring crude oil between 
different tanks in the tank farm. The 
power plant consists of five 75kW generators 
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directly connected to Caterpillar D-13,099 
diesel engines. Drinking water is obtaingg 
from the Sidon town water system. §j 
men are housed at the temporary construction 
camp at the terminal, while apartments ang 
houses for families are rented in the town of 
Sidon. 

The main pumping stations have a total of 
forty Worthington diesel engines. Twenty. 
five of these units are eight-cylinder enzingg 
each driving at 1710 h.p. a Byron Jackson 
single-stage centrifugal line pump through 
Falk speed-increasing gears. The other 
fifteen are six-cylinder engines, each driving 
a 900kW electric generator. All are super. 
charged vertical, four-cycle units, and have g 














Off Loading Pipe Sizes 
Crude oil Bunkering 
Berth 
number Line Hose Line Hose 
size, in | size, in | size, in Bize, in 
1 20 12 18 12 and 8 
2 20 12 14 12 and 8 
3 30 12 12 8 
4 30, | «= 2 12 8 
| | 








bore of 16in and a stroke of 20in. The eight- 
cylinder units develop 1320 b.h.p. at 360 
r.p.m., while the six-cylinder engines develop 
1320 b.h.p. with 120 b.m.e.p. 

Before Worthington began the building 
of the engines at its Buffalo (N.Y.) Works, 
it assembled and installed the pilot unit 
at Abqaiq (Station No. 1), although it had 
been determined that eventually the two. 
stage Byron Jackson centrifugal pumps at 
Abqaiq would be driven by Westinghouse 
steam turbines. Steam at this station is 
required for stabilising the crude oil. At the 
time of the test, however, Abqaiq was the 
headquarters for the crew, and there was 
urgent need for the power. Therefore the 
test engine was put to use on the first avail- 
able load in the area. The remaining five 
stations—Nariyah, Qaisumah, Rafha, 
Badanah and Turaif—are remote from ade- 
quate water supplies, and all are equipped 
with the Worthington diesel engines using 
settled and filtered crude oil bled from the 
line. The amount of crude oil consumed 
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by each engine, about 1500 to 2000 gallons a 
day, is insignificant compared with the total 
oi] handled by the pipe-line. With the 
exception of the steam-driven Abqaiq 
gation and of Turaif, where there are four 
engines, & total of five engines are installed 
at each Of the stations for driving the 
amps. Four pumps are used in series 
with approximately a 210 lb per square inch 
pressure per stage totalling about 840 Ib 
square inch discharge pressure. There is 
one spare unit. 
Each station, being about 180 miles from 
its nearest neighbour, is a community in 
itself. Nearly 500 persons were employed 
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SIDE BOOM TRACTORS LAYING PIPES 


at each of these stations early in 1951, but 
eventually 200 to 300 will be sufficient to 
maintain normal operations. Ninety per 
cent of them will be Arabians. The elec- 
tricity requirements of these five station 
communities are considerable more per capita 
than the average industrial-residential town 
in America. The output of the two generators 
in regular service in each station is 1800kW ; 
one 900kKW unit is a spare. A town of 
between 6000 to 7000 persons would 
normally be served for power and lighting 
by the 1800kW generating station ; but the 
electric power in the pipe-line station com- 
munities serves not only the heavy industrial 
equipment in each area, such as auxiliary 
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booster pumps, machine shops, welding 
equipment, garages, &c., but also an 
exceptionally heavy residential air-condi- 
tioning load, and takes care of a modern 
outdoor lighting system, a club-house for 
recreation, entertainment and church ser- 
vices and a swimming pool, which are all 
part of the arrangements to make life comfort- 
able and attractive for employees. A complete 
air-conditioning system serves dwellings, 
offices and all other building interiors. From 
a central system chilled water is pumped 
through well-insulated street mains which are 
branched off to each building and individually 
controlled. With the desert sweltering at 
140 deg. Fah. the ambient air temperature 
is nearly 125 deg. Fah., while inside the 
buildings the temperature can be held down 
to between 80 deg. and 85 deg. Fah. The 
chilling of the water is accomplished by 
Worthington centrifugal refrigerating units, 
each rated at 500 tons, and consisting of a 
compressor, condenser and cooler. A total 
of eight units have been installed in the six 
stations and additional ones are being erected. 
To counteract the severity of the sand 
problem large fans have been installed in 
the buildings, drawing air from the outside 
through a water bath and producing a small 
positive pressure inside the building, which 
prevents the sand from seeping through 
crevices around the doors, windows and other 
joints. The air intake for the engines is 
inside the building. Thus, only clean, cooled 
air is used by the engine. 


WariaH AUTOMATIC PUMPING STATION 


A completely automatic booster pump 
station was under construction at Wariah on 
the 30in and 3lin line between Nariya and 
Qaisumah stations on the Aramco section of 
the “‘ Tapline,” in the first quarter of 1952. It 
will operate unattended, and includes a 
number of automatic shut-off devices which 
throw the flow back through the main line. 
The Wariah station will provide approxi- 
mately 12,000 barrels a day additional 
capacity, and permit the company minor 
fluctuations in its movements to Qaisumah. 
The unattended operation of this station is 
especialiy advantageous to Aramco in view 
of the high cost of maintaining operating 
personnel in Saudi Arabia. It will be 
equipped with 400 h.p. diesels driving Byron 
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Jackson pumps. Auxiliaries include a 45kW, 
440V generator, 20,000 barrels diesel storage, 
water and gasoline storage. Automatically 
operated, air-starting, 20in block valves on 
the suction and discharge sides divert the 
flow through the main line by-pass in case 
of trouble. Switches to operate this “ fail 
safe’ system work off pump-bearing tem- 
perature, pump-case temperature, jacket- 
water temperature, lubricating oil pressure 
and temperature and lubricating oil reservoir. 
A suction pressure switch also operates to 
prevent the pump from cavitating. 

In fine, the “ Tapline ”’ is already revolu- 
tionising the economy of Saudi Arabia, 
Jordan, Syria and Lebanon, and transforming 
the lives of their peoples. Incidentally, 
users of petroleum products in the United 
States also benefit by its operations, since 
oil delivery by pipe-line releases sixty-five 
or more “ T-2 ” tankers for other routes. 

The total amount of crude oil delivered 
to Sidon in 1951 was 107,503,904 barrels, 
an average of 294,531 barrels per calendar 
day, and last December the “ Tapline” 
transported 9,339,138 barrels of crude oil 
from Qaisumah in Saudi Arabia to Sidon 
in Lebanon, or an average of 303,198 barrels 
per calendar day. Last year 920 tankers were 
loaded at Sidon with a total of 109,050,479 
barrels of crude oil, an average of 298,768 
barrels per calendar day, and the average 
loading time per ship was 7 hours 57 minutes, 
the average loading rate per ship being 
14,900 barrels per hour. The highest volume 
of oil loaded into tankers in any one month 
since ‘‘ Tapline”’ started operation was in 
December, 1951, ‘when 10,393,758 barrels 
of crude oil were loaded aboard ninety-four 
tankers at the Sidon, Lebanon, terminal, 
or an average of 335,283 barrels per calendar 
day, despite the fact that the port was closed 
for a total of 167 hours during the month 
because of bad weather. The various illustra- 
tions accompanying this article show some 
aspects of the construction of the pipeline, 
and some of the plant installed for its 
operation. 





Short Notices 


Fault Oalculations. By C. H. W. Lackey, 
B.Sc., M.LE.E. Edinburgh: Oliver and 
Boyd, Ltd., Tweeddale Court. Price 30s.— 
This book, as stated by Mr. D. P. Sayers in his 
foreword, helps to fill a gap in British technical 
literature by expounding clearly the methods 
that can be used to calculate currents and 
voltages under fault conditions. The subject 
assumes increasing importance with the growth 
of electricity distribution and transmission 
systems. Indeed, the economic design of the 
large and complex interconnected systems of 
to-day depends on the ability to make reason- 
ably reliable estimates of short circuit fault 
levels and of load sharing and voltage regulation 
under various operating conditions. The 
theoretical basis for the subject is provided in 
the first four chapters of the book, which are 
concerned with theuse of vector algebra, 
impedance notation, network reduction, and 
symmetrical components in the calculation of 
faults, whether balanced or unbalanced. An 
important practical difficulty is tackled in 
Chapter V, which deals with the provision of 
reliable data on the impedances of plant and 
equipment, and there is an appendix giving 
schedules of impedance values for generators, 
transformers, overhead lines and cables. A 
number of numerical examples are given 
throughout the text and there is a separate 
chapter on some problems of power station 
performance under fault conditions. To round 
off the subject the author describes the use of 
fault calculators and network analysers and 
shows the important part they play in modern 
power system studies. Finally, there are six 
appendices, containing useful formule and 
physical data. 
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Chemical Engineering at the Cross-roads 


By SIR HAROLD HARTLEY, F.R.S. 


In this Presidential Address to the Institution of Chemical Engineers, presented 
last Friday, April 25th, and here abstracted, Sir Harold Hartley stresses that 
chemical engineering has become the fourth primary technology, not competitive 
with, but complementary to, the older branches of engineering. He reviews the present 
work of chemical engineers and stresses the important contributions they are already 
making in the fuel, plastics, rubber, textile and other industries, towards the applica- 
tion of nuclear energy, and in the production of antibiotics. The need to increase 
the output of trained chemical engineers is stressed and so, too, is the need to extend 


research activities. 


fpr twentieth century has seen a vast 
expansion of the chemical industry, with 
the rise of scientific methods of oil refining 
and of a great industry based on refinery 
gases and natural gas, together with the 
production of synthetic fibres and plastics. 
But of equal significance has been the 
invasion of chemical techniques into the 
processing of many natural products, food, 
wood, rubber and leather, and into the 
fermentation industries which they have 
revolutionised. The extractive industries 
have become chemical industries. Many 
of these developments have been on a huge 
engineering scale with throughputs of many 
tons a day, and continuous processes have 
replaced the older batch methods which 
had more in common with small-scale 
laboratory techniques. 

As a result, there has developed “a 
distinct body of science which is funda- 
mental and peculiar to chemical engineering. 
This involves principles, theories, procedures, 
methods and techniques fundamental to 
the majority of chemical engineering opera- 
tions. While in some cases this body of 
science involves and utilises subject matter 
and principles common to other sciences, 
it modifies, extends, orients and combines 
these principles in a unique manner ” (J. G. 
Elgin). 

It is against this background that I have 
taken as the title of this address, ‘‘ Chemical 
Engineering at the Cross-Roads.”’ 


CHEMICAL ENGINEERING CoURSES 


At the approach to cross-roads one expects 
to find signs and warnings, and there is 
no lack of them here—the Hankey report 
on the supply and demand for chemical 
engineers in Britain, the Dunsheath report 
of the productivity team that investigated 
the relations between universities and 
industry in the United States, the Cremer 
report of the committee on chemical engineer- 
ing research, and finally the recent discussion 
in the American Institute of Chemical 
Engineers on “‘ Whither Chemical Engineer- 
ing Science.” 

The Dunsheath committee § was 
“ impressed by the extent courses in chemical 
engineering have been developed in America 
and by the extent to which these courses 
are regarded as meeting a widespread 
demand from various branches of American 
industry.” The number of courses in 
chemical engineering is exceeded only by 
those in civil, electrical~ and mechanical 
engineering, and in 1949-50 the number of 
first degrees granted in chemical engineering 
was 4529. “‘Many Americans believe that 
these large numbers have had an important 
bearing on the rapid progress in industry 
in the United States.” 

Alongside this sober statement, or under- 
statement, of the facts, let me quote the 
words of Dr. Gonant, the President of 
Harvard, in his address at the diamond 
jubilee meeting of the American Chemical 
Society during September of last year. 





‘ In 1902,” he said, ‘‘ chemical engineering 
had not developed as a profession. To-day, 
there is a great shortage of chemical engineers 
in spite of the fact that more than 15,000 
have been trained in the last five years. In 
short, the growth of the chemical profession 
within the lifetime of many of us here has 
been one of the amazing social phenomena 
of our times. It takes no crystal ball to 
show that this chemical revolution will 
affect the balance of the century. Whether 
the curve will continue to mount at the 
same rate of annual change is an open 
question; but that there will be vastly 
more members of this nation who were 
trained as chemists and chemical engineers 
in 2001 than there are now in 1951 seems 
to be one of the few certainties of the future. 
Notice I define the members of our profession 
in terms of their specialised education, not 
their employment. For one of the highly 
significant aspects of the development of 
chemistry in the last 100 years in all countries, 
but particularly here in the United States, 
is the way chemists have infiltrated into 
all sorts of positions in scientific and indus- 
trial life. This process will continue, and 
one is safe in predicting that the work of 
the chemist in the United States has only 
just begun. The breadth of his scientific 
training and the strategic position of his 
science will make him one of the key figures 
in an urbanised, mechanised society 
dependent for its very life on the careful 
control of a multitude of chemical reactions.” 

Now let us turn to the Hankey report to 
see what is the position here. From that 
report we learn that the annual output of 
chemical engineers from all sources in this 
country between 1950 and 1954 is estimated 
at 200.. The comparison between this figure 
and the output in the United States speaks 
for itself. There is no need to emphasise the 
urgent need for a rapid increase in the number 
of chemical engineering courses at our 
universities and technical colleges, and an 
expansion in the size of existing courses, 
where possible. The gap is far too large to be 
dealt with by any new technological uni- 
versity, and wherever engineering courses 
are now given it seems only reasonable that 
undergraduates should have an opportunity 
to study chemical engineering if they so 
desire. I have been much impressed by the 
excellence of the courses in chemical engi- 
neering which already exist, and by the 
friendly and co-operative relations existing 
between the chemical engineers and the 
older schools of chemistry and engineering. 
So that in spite of the present disparity in 
numbers, I am optimistic for the future if 
the need to multiply and expand the courses 
in chemical engineering is recognised as most 
urgent both by the universities and by the 
University Grants Committee. 

The Cremer Research Committee was 
appointed to report on the position of 
chemical engineering research in this country. 
After reviewing the existing facilities and 
taking evidence from over a hundred firms 
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and research associations, it reached the 
conclusion that ‘‘ existing facilities ars inade. 
quate for the purposes of the chemical anq 
allied industries as a whole.” 

Those research facilities fall into thre 
groups: first, the laboratories of the great 
firms like Imperial Chemical Industries 
Courtaulds, Distillers, and Glaxo, and of 
national establishments like Harwell, all of 
which together are vastly greater in resourogg 
than those of the other two groups ; next, the 
laboratories of the chemical _engincering 
schools of the universities and technical 
colleges ; and lastly, the laboratories of the 
plant designers and manufacturers, which are 
so small compared with those of the American 
competitors. The need for more research of 
the synthetic fundamental kind may he met 
by increasing research facilities at universities 
and by the growing numbers of chemical 
engineering schools, provided that funds are 
available. The Cremer committee decided, 
however, that the analytical approach re. 

uires a central organisation specially 
adapted to this purpose, where under some 
co-operative scheme with industry the data 
from large-scale operations could be collected, 
analysed and quickly made available as a 
basis for plant design. 

My own conviction is that the conclusions 
of the Cremer committee do not go far 
enough in one respect. I am certain that the 
analysis of the results of plant operation will 
throw up gaps in our knowledge which can 
only be filled by experimental investigations 
on large-scale pilot plant for which a labora. 
tory will be needed. That, to my mind, is an 
essential constituent of the organisation that 
is needed in order to get the full constructive 
benefit from the analytical survey of plant 
operation which is proposed. Such a labora- 
tory would be, too, a most valuable corollary 
to the more fundamental work in progress in 
university departments. 


I will go further and say that until we 


recover the initiative in chemical plant 
design and construction, we shall be forced 
to buy the “ know-how ”’ at a high cost from 
abroad, and it will not be the latest ‘‘ know- 
how.” We can only regain that initiative by 
analytical and synthetic research, for the 
co-ordination and application of which the 
organisation recommended by the Cremer 
Committee is essential. Without it we shall 
not benefit from the results of our own 
scientific research, which in the past have so 
often been exploited abroad. 

The only move towards implementing the 
recommendations of the report so far is 
the decision of the Department of Scientific 


and Industrial Research to publish a series § 


of critical bibliographies on particular aspects 
of chemical engineering techniques. The first 
will deal with methods of industrial drying 
and the second with grinding methods and 
the dispersion of solid particles. The Insti- 
tution has been asked to nominate a small 
expert panel to help in this work. This will 
certainly be a most useful contribution, but 
there remains the urgent need for the 
organisation envisaged in the Cremer report 


to collect, co-ordinate and publish the | 


results of plant operations, together with a 


pilot plant laboratory. Without thisour | 


design and construction industry will be 
seriously handicapped. 


CHEMICAL ENGINEERING AND THE 
PRoDUCTION OF ENERGY 


With the emergence of chemical engineer- | 
ing as the fourth primary technology and its | 
increasing part in the industrial life of the | 
country, we have to take fresh bearings in — 
research and education and decide what is — 
needed in the future. What is the future of 
What part is it © 


chemical engineering ? 
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ined to play in meeting the ever growi 

ers of mankind with the increasing nol 
tion of the world and the call for higher 
standards? Twenty years ago we were 
destroying surplus crops; to-day we are 
living in an age of shortages. The primary 
needs of the world are energy, food, metals, 
and other raw materials. How can they be 
met? What will be the contribution of 
chemical engineering ? 

Let us start with energy—power and heat 
—for that is the key to the type of civilisation 
we have evolved, on which its continuance 
depends. As an index of its importance I 
showed in a paper on “ Limiting Factors to 
World Production ” that before 1939 there 
was a close correlation between the energy 
consumption per head and the average real 
income in many countries. 

With the inevitable gradual exhaustion of 
fossil fuels great hopes are based on the use 
of nuclear energy in the future. Whether 
these hopes are likely to be fulfilled I will not 
venture to predict, but one thing is certain : 
their fulfilment will depend largely on 
chemical engineering. 

The advent of atomic energy has intro- 
duced new features to the industrial scene. 
Many of the materals required were labora- 
tory curiosities before the war; some were 
unknown. The production of materials’ for 
the construction of reactors, the production 
of fissile ‘‘fuel,’’ the reprocessing of the 
spent “‘fuel,” and the safe disposal of 
fission products all involve the development 
of fresh chemical engineering processes and 
the design and operation of new forms of 
plant. The design of some of this plant is 
based on previous experience, but much is 
quite new and is giving plenty of scope for 
ingenuity and initiative. Atomic energy has, 
for example, given a fresh meaning to remote 
control. Wartime achievements were made 
without counting the cost, but the improve- 
ment of the economies of the processes to the 
point where atomic energy can compete on 
level terms with conventional sources pro- 
vides a real challenge to the chemical engi- 
neer. Not only must he design safely for 
very high efficiencies in yield and quality, 
but he must also design economically because 
of the high capital costs of plant and 
buildings. 

Solar radiation is an even more potent and 
ever-present source of energy. It is the basis 
of existence of living organisms, but we 
make so little use of it to-day. With the 
depletion of fossil fuels it is inevitable that 
the day will come when man must harness the 
sun’s rays. How and when that will be done 
will depend on advancing knowledge. 
Whether it will come through controlled 
photosynthesis, through photoelectricity or 
through fuel cells free from the inevitable 
limitations of the thermodynamics of the 
heat cycle, or other means, no one can say ; 
but when it does I venture to predict that 
the techniques of chemical engineering will 
play their part. 

Turning now to the more conventional 
methods of utilising energy, I take first steam 
power stations. There again so many of the 
problems on which efficiency and availability 
of the boiler will depend involve chemical 
engineering techniques—combustion, radia- 
tion, heat exchange, boiler deposits, the 
treatment of effluents, cooling towers, water 
treatment and corrosion. All of them 
become more urgent with higher steam 
conditions. 

There is no need to emphasise what 
chemical engineering has already done to 
raise the efficiency of use of the fossil fuels, 
coal, oil and natural gas. Indeed, the great 
developments of oil refining have gone hand 
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in hand with the science of the chemical engi- 
neer, to whom it owes the new technique of 
fluidisation, the influence of which is now 
being felt in many other industries. There is, 
too, the huge new chemical industry based on 
refinery gases and natural gas. Much the 
same is true of the processing and carbonisa- 
tion of coal. Indeed, apart from the need for 
smokeless fuels and oven coke, its future 
may lie in total gasification carried out in part 
underground, together with the possibilities 
of synthesising liquid fuels where conditions 


‘are favourable. Thus in the field of energy 


the chemical engineer will be an indispensable 
partner in the team. 


CHEMISTS AND METALLURGY 


Leaving food aside for a moment and 
turning to metals, two facts emerged very 
clearly at the United Nations Conference on 
Resources at Lake Success in 1949: first, 
the growing consumption of metals with the 
spread of industrialisation ; and second, our 
increasing dependence on lower-grade ores. 
Known reserves of non-ferrous metals will 
provide for, say, half a century at our present 
rate of consumption, pointing in the long run 
to a steel and light alloy economy with non- 
ferrous metals reserved for essential pur- 
poses. Chemical engineering has already 
contributed much to the ore dressing of low- 
grade ores, and to the extraction of metal 
from them. Take, for example, the extraction 
of gold from ores containing not more than 
1 dwt per ton, or the extraction of magnesium 
from sea water containing about one part 
per thousand of the metal, made possible by 
accurate chemical control of the conditions 
in vast volumes of water, and the adaptation 
of known techniques. Another example is the 
production of extremely pure zine by 
fractional distillation as a result of the appli- 
cation of chemical engineering principles in a 
field previously covered by crude empiricism. 

It would be easy to multiply these in- 
stances of the value of chemical engineering 
techniques in metallurgy and there is no need 
to dwell on their contribution to the heavy 
chemical industry. The fixation of atmo- 
spheric nitrogen is but one example. 


Processina oF NatuRAL MATERIALS 


The twentieth century has seen great 
changes in the nature and the use of raw 
materials in industry, in which chemical 
engineering has played its part. One major 
trend has been the processing of natural 
materials like rubber and leather as their 
chemical and physical nature has been better 
understood. The scientific control of their 
manufacture has resulted in improved quality 
and greater uniformity of the products. 
Another striking development in this field 
has been the recovery of valuable by- 
products during the preparation of natural 
materials and the processing of the waste 
products of agriculture and forestry, in 
which our own Colonial development has 
taken its place alongside the four great 
regional laboratories in the United States 
dedicated to these studies. This opens up a 
new field for the co-operation of the organic 
chemist, the plant geneticist and the chemical 
engineer. I could quote many examples. 
The steep liquor in which maize has been 
soaked prior to wet milling is an excellent 
nutrient together with lactose for the pro- 
duction of penicillin, and the yields increased 
rapidly when this was discovered. A valuable 
wax can be obtained as a by-product in 
sugar refining. Furfural, made on an engi- 
neering scale from maize cobs and oat husks, 
is used for many purposes, most recently as 
the starting material for making nylon. 

Another major trend has been the rapid 
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development of synthetic materials, in some 
cases in competition with natural materials, 
in others in partnership with them. These 
synthetics are all carbon compounds manu- 
factured from coal, oil or natural gas or from 
natural materials such as cellulose or proteins. 
Fibres and plastics are two of the main 
developments. Synthetic fibres — rayon, 
viscose, nylon, ardil and terylene—often 
spun with wool or cotton, help to meet the 
world’s ever-growing need of textiles. The 
field of plastics is widening daily. One of the 
newcomers, polystyrene, has already reached 
a production of over a quarter of a million 
tons a year. 


ANTIBIOTICS 


Fermentation is the oldest of chemical 
industries, and now with our fresh knowledge 
of the habits of bacteria and other unicellular 
organisms and plants it is taking on a new 
guise as we adapt it to yield a great number 
of the organic substances that we need. 
Most striking is the use of moulds to produce 
on an engineering scale those powerful new 
antibiotics, penicillin, streptomycin and 
aureomycin, that have opened a new chapter 
in man’s defence against disease. The pheno- 
menal rise in production of these antibiotics, 
most of which were unknown ten years ago, 
has been made possible by most delicate 
feats of chemical engineering. 


CoNCLUSION 


In a survey of this nature, whether one 
looks at the immediate or the more distant 
future, one is driven to the conclusion that 
the world must depend more and more on 
chemical techniques in order to utilise to the 
full the limited resources of our planet so 
as to meet the needs of its growing popula- 
tion. To do this the chemical engineer is 
bound to play an increasing part in partner- 
ship with the older branches of engineering. 
In any project he will be the liaison between 
the research laboratory and the team of engi- 
neers, the co-ordinator of their contributions. 

The thought running through my mind, 
in the light of all this, is the seriousness of 
our responsibilities as members of this 
Institution—our responsibility as the qualify- 
ing body for maintaining and enhancing the 
traditions of the profession of chemical 
engineers, our responsibility for encouraging 
schools of chemical engineering, and for 
making public the urgent need to increase 
the output of chemical engineers, and finally, 
our responsibility to provide opportunities 
for the discussion and publication of con- 
tributions to knowledge in our field. It was 
largely by engineering skill and invention 
that Britain won its place among the nations 
during the Industrial Revolution, and it is 
in these same fields, in this second Elizabethan 
age, that our strength still lies. Chemical 
engineering, the newcomer, is not competitive 
with the older branches of engineering, but 
complementary to them. It is a fourth 
primary technology, dependent in many 
ways on the other three, and destined to 
play an increasing part in the competitive 
strength of British industry. 





A Hanp Screwmne Macuine.—A new hand- 
operated geared screwing machine for tubes from 
fin to 1}in diameter B.S.P. has been introduced by 
E. C. Hopkins, Ltd., of Grosvenor Street West, 
Birmingham, 16. This machine has a rigid box- 
section bed cast integral with the headstock. Its 
hollow die spindle is mounted on ample bearings 
and is supplied with holders suitable for housing 
circular button dies. A self-centring vice for the 
work has means of rack feeding along the bed to 
facilitate starting of threads, and the handle has a 
quick adjustment from fast to slow feed. The 
machine is portable and, if required, can be easily 
motorised. 
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A Tool Room Milling Machine 


A MACHINE, which is basically a miller, but is 
supplied with a large number of attachments, 
is now being marketed in this country by 
the Rockwell Machine Tool Company, Ltd., 
Welsh Harp, Edgware Road, London, N.W.2, 
for the makers, Delisle and Ziegele, of Germany. 

The main column of this machine contains 
the gearbox and motor drive and, as can be 
seen from the illustrations, has a slide at the 
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MACHINE WITH VERTICAL MILLING 
ATTACHMENT 





MACHINE WITH SLOTTING ATTACHMENT 


top in which the main horizontal spindle is 
mounted. Power is transmitted from the two- 
speed motor and a change-speed gearbox to 
the horizontal spindle through vee belts. 
Sixteen spindle speeds from 67 to 1000 r.p.m. 
are available. Hand and power feeds are pro- 
vided for both the vertical and longitudinal 
directions of table travel, the drive to the auto- 
matic feeds being transmitted through an 
infinitely variable-speed gear. The length of 
travel of vertical or longitudinal movement is 
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limited by trip dogs, safety stops also being 
fitted to prevent accidental damage. 

The slide on the top of the column is operated 
by a graduated handwheel through a worm 
and worm wheel, and is adapted for the 
mounting of various attachments. Using the 
horizontal spindle, the machine can be used as a 
straightforward horizontal miller and can be 
fitted with either a standard or a compound 
swivelling table. In one of the photographs we 
reproduce, the overhead slide is shown fitted with 
a swivelling vertical milling attachment, which, 
when using a hand-operated attachment, can 
also be used for milling radii. The second 
illustration shows the machine with its slotting 
head fixed to the column slide and this head 
can be swung up to 90 deg. in each direction. 

A dividing head supplied with the machine 
can be mounted either on the standard or the 
compound swivelling table, and for spiral 
milling operations it can be geared to the longi- 
tudinal slide movement. 

————_e——————— 


Probe Illuminators 


Mucs time and effort are often wasted in 
arranging and manipulating lights when it is 
required to inspect the sides and lower ends of 
blind holes or cavities in castings and com- 
ponents. In such cases, if the hole is of an 
appreciable depth and small diameter, thorough 
inspection is often virtually impossible, particu- 
larly if the unit in which it occurs cannot be 
moved. In order to overcome this difficulty 
several different designs of probe illumin- 
ators are now being made by Engineering 
Developments (England), Ltd., Adams Place, 
Georges Road, London, N.7. These instru- 
ments are adaptable for a wide range of work in 
addition to normal hole and cavity inspection. 

In the photograph we reproduce below there 
can be seen a selection of the standard probe 
illuminators made by the firm. Each of the 
instruments consists of a bent tube from 7/,,in 
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to }in diameter and 3in, 6in or 10in long, fitted 
at its lowermost end with a miniature 2-5V 
bulb. When it is required to examine a hole, 
the appropriate tube is screwed into the socket 
of a special battery holder and the lamp 
switched on. The probe can then be passed 
down the hole and its light clearly illuminates 
the walls and blind end, which can be closely 
inspected without need for manipulating the 
component or shadow interference. 

en using an instrument for inspection of 
holes where a degree of magnification is desir- 
able, a small magnifying glass can be fitted in a 
holder above the probe section. With this 
magnifying glass fitted to the probe one hand of 
the operator is left free for manipulation of the 
work or any necessary tools it might be required 
to use on the job. 

The instrument can also be used for inspecting 
interior surfaces, such as the insides of tanks, 
for rust formation, pitting, &c. In this case, 
where the access hole is sufficiently large, a 
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small reflector can be fitted at the bend of the 
probe to enable full inspection to be mace of the 
area inside the tank immediately adjoining the 
hole and out of the normal range of vision, 

For use when it is required to inspect tanks 
where fumes or inflammable gases are likely to 
be present, probes such as that shown at the 
right-hand in the illustration are used. Thoge 
probes consist of a sheathed “ Perspex ” roq 
and the light bulb is fixed in the handle enq 
the beam of light being transmitted by total 
internal reflection to the end of the probe, 

From these notes it will be appreciated 
that standard probe illuminators ean be used 
for a variety of work, and, in addition to 
these units, a range of instruments jg 
made by the firm for special applications where 
normal methods of introducing light cannot he 
used. In the course of a recent visit to the 
maker’s works we were able to handle examples 
of the standard and special probes, and 
found them both remarkably easy to use 
and a very effective means of providing il!umin. 
ation on work surfaces which could not be seen 
by any other method. 
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News 
(By our South African Correspondent) 


10-Ton Electric Furnace at USCO 
An interesting addition to the equip. 
ment of the Klip works of the Union Steel 
Corporation at Vereeniging in the form of a 
new 10-ton electric furnace, has been recently 
completed and brought into operation. 

The furnace has been erected with the object 
of increasing the output required to meet the 
demand for further supplies of hollow drill 
steel for the gold mines on the Reef and in the 
Orange Free State. It is of the swinging roof 
type, where the roof is lifted from the furnace 
body and swung to one side. 

This removable roof 
principle ensures that 
the non-productive 
** off-load ”’ periods of 
furnace working are cut 
to a minimum. A 
10-ton scrap charge can 
be loaded in one opera- 
tion into this class of 
furnace in as short a 
time as five minutes or 
even less, thus yielding 
maximum production 
with minimum labour 
costs and heat losses. 
The removable roof also 
simplifies § emergency 
and routine repairs of 
the internal brickwork. 

The new furnace is 
to be used initially to 
make detachable bit 
steel, and other solid 
types, but, as develop- 
ment proceeds, it is 
hoped to extend the 
manufacture of hollow 
drill steel from its pres- 
ent 4in diameter round ingot to an 8in square 
ingot. It is anticipated that this will have the 
effect of increasing the output of drill steel. 

A most important adjunct of the furnace is 
the control cabin, situated adjacent to the 
furnace. This cabin contains remote control 
buttons, all main switches being sited in one 
centralised switch house. The power is con- 
ducted from the transformer through copper 
flexibles to the electrodes, which convey the 
power to the charge. The power output is 
controlled by ““Rotodyne”’ electrical control gear. 


Railway Outlet to the Coast 

A new railway line, which will link 
Southern Rhodesia with the Indian Ocean at 
Lourengo Marques, is to be built. The line will 
commence at Bannockburn Siding on the 
Shabani Branch, which has now been acquired 
by the Rhodesian Railways, and will cross the 
Rhodesian border at Pafuri. A survey of the 
Sinoia—Kahue cut-off is at present being made. 
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Britain’s Overseas Trade 


The final figures of Britain’s overseas 
trade in March, which were announced at the 
end of last week, show that the value of exports 
was £240,600,000 (and not £245,500,000, as 

iven in the provisional fi issued on 
April 9th). This final figure for March was 
slightly above the monthly average for January 
and February. The value of United Kingdom 
exports in the first quarter of this year was 
£718,000,000, which was 5 per cent more than 
in the fourth quarter of 1951 and 11 per cent 
above the average for the whole of last year. 
The Board of Trade says, however, that about 
half the increase, compared with last year, was 
due to higher prices. 

During the first quarter of this year exports 
of metals and engineering products reached a 
value of £359,800,000, which was 10 per cent 
above the figure for the fourth quarter of 1951. 
All the main groups in that classification con- 
tributed to the increase. The total for the 
vehicles group was £138,900,000, or £5,100,000 
more than in the final quarter of 1951; the 
machinery total was £112,900,000, an increase 
of £13,300,000; the iron and steel group 
totalled £47,700,000, an increase of £5,400,000 ; 
and the non-ferrous metals group (including 
special shipments of tin to the U.S.A.) totalled 
£22,500,000, an increase of £5,500,000. In some 
comments on the figures, the Board of Trade 
says that exports from this country to Canada, 
which fell sharply in the fourth quarter of last 
year, were, at £25,100,000, even lower in the 
first quarter of this year, although in March 
there was some recovery from the low figures 
recorded for January and February. Exports 
to the U.S.A. in the first quarter were valued 
at £34,700,000, compared with a monthly 
average of £34,100,000 over the whole of last 
year. The figure for March was £3,200,000 
above the average for January and February, 
but £2,000,000 of that increase was accounted 
for by shipments of refined tin from this 
country. 

The final figure for imports in March was 
£333,100,000, which brought the total for the 
first quarter of this year to £984,000,000. At 
the end of the quarter the trade deficit was 
£211,000,000, compared with a quarterly rate 
of deficit of £302,000,000 in 1951. The Board 
of Trade points out that, since exports in the 
second quarter are likely to be affected by the 
restrictions recently introduced by Common- 
wealth countries on imported goods, the pro- 
spect for the trade balance in the second quarter 
depends largely on how far the effects of the 
cuts in United Kingdom imports will offset the 
normal seasonal increase in imports at this time 
of the year. 


The National Joint Advisory Council 


Last week, the National Joint Advisory 
Council—which includes representatives of the 
British Employers’ Confederation, the Trades 
Union Congress and the nationalised industries 
—held a meeting in London, under the chair- 
manship of the Minister of Labour. A state- 
ment issued after the meeting said that the 
council had before it an appreciation of the 
economic situation, which included a review of 
the manpower position during the three months 
November, 1951, to February, 1952. 

It was reported at the meeting that, apart 
from the number of unemployed in the textile 
industries, there was a fall of 7000 in the total 
unemployed between February and March. It 
was therefore stressed that the recent increases 
i unemployment should not be allowed to 
obscure the fact that there was still a shortage 
of labour. At March 12th the number of out- 
standing vacancies was 316,000, or 52,000 
more than on February 13th. The official 
statement about the meeting said that the 
extent to which the metal-using industries— 
engineering, shipbuilding, vehicles, &c.—would 
require additional labour would depend largely 
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on the rate at which steel supplies improved. 
Certain sectors, however, and particularly the 
aircraft industry, which needed 50,000 more 
workers by next March, would require addi- 
tional labour. Some of the needs would be met 
by transfers of labour within the industries, 
brought about frequently through steel alloca- 
tions, but the remaining workers would have 
to be found from other industries. The rate at 
which those workers could be absorbed would 
depend mainly on the rate at which the neces- 
sary skilled workers could be found either 
directly or by upgrading. On February 11th, 
according to the statement, there were still 
29,000 outstanding vacancies for skilled engi- 
neering workers, which was nearly 30 per cent 
more than a year ago. 

The council decided that the supply of 
skilled workers remained the key to the 
problem. In certain areas special housing 
allocations were being made to help in attract- 
ing skilled workers, and steel allocations would 
help to ensure the necessary redistribution of 
the existing labour force. At the same time, it 
was realised that a great deal depended upon 
the success of the efforts made to train and 
upgrade workers, upon the willingness of 
employers not to retain more skilled workers 
than they required, and upon the willingness of 
the workers to move. The council was informed 
that the engineering industry had agreed to 
certain relaxations in connection with the up- 
grading and training of workers. 


European Steel Trends 


The United Nations Economic Com- 
mission for Europe has issued a report on steel 
production, consumption and trade in Europe 
and other parts of the world. It outlines the 
developments which have occurred in the past 
year and sets out what appear to be the prob- 
lems likely to affect the European steel industry 
in the future, indicating lines of approach that 
might well be followed to meet them. 

According to the report, the present plans of 
European countries—excluding Russia—envis- 
age a production of about 78,000,000 tons of 
crude steel in 1953, compared with a production 
of approximately 67,500,000 tons in 1951. The 
indications are that sufficient capacity will be 
in existence to enable that production to be 
achieved, the deficiency in some countries 
being offset by capacity greater than foreseen 
in others. But the report comments that the 
availability of raw materials, on the one hand, 
and the level of steel demand, on the other, 
would obviously influence production. In- 
creased production of iron ore and coke, and 
some reduction in scrap consumption in blast- 
furnaces, will be necessary for the fulfilment of 
the production plans, The report acknowledges 
that political developments have made the 
appraisal of the prospects for future steel 
demand particularly difficult. It says that 
‘** the demands of the defence programmes may 
call for maximum industrial activity for some 
time to come, though the possibilities of steel 
production within the availability of raw 
materials may themselves limit steel con- 
sumption and industrial output.” 

One section of the report deals with steel 
exports. It says that last year it was estimated 
that exports from Europe might amount to 
about 6,000,000 tons in 1953. The report goes 
on to suggest, however, that that estimate may 
appear cautious in the light of current deliveries 
to non-European countries, which amounted to 
8,000,000 tons-in 1950 and were at an annual 
rate of about 11,500,000 tons in the first half of 
1951. The report nevertheless points out that 
European steel exports to North America are 
unlikely to continue at the level reached at 
the end of 1950, and in the earlier part of 1951, 
as production capacity is rapidly increasing 
both in the U.S.A. and in Canada. As to future 
prospects, the report says that the scale of 
European steel exports will depend upon the 






level of steel consumption and the growth of 
local steel industries in the underdeveloped 
regions, on the one hand, and conditions in the 
export market and the competitive position of 
Europe as an exporter in relation to the U.S.A. 
and Japan, on the other. It is emphasised in 
the report that unless regular steel supplies are 
made available to underdeveloped countries at 
reasonable prices to meet the essential require- 
ments of economic development, it is clear that 
they will be obliged to safeguard their national 
wellbeing by pressing plans for local steel pro- 
duction, even though they may not be equipped 
for its economic production. 


Payment by Results 


When the Ministry of Labour made— 
last October—one of its routine inquiries into 
the earnings and hours of wage-earners in the 
manufacturing industries and the principal 
non-manufacturing industries, it obtained 
particulars as to the number of wage-earners 
who were paid at time rates and the number 
paid under piecework systems or other pay- 
ment-by-results arrangements. The figures 
received did not include, however, payments 
under incentive schemes. 

Information was forthcoming on this matter 
from about 56,200 establishments. It revealed 
that in about 18,700, or 33 per cent, of these 
establishments some of the workers were paid 
under payment-by-results schemes. The total 
number of such workers was nearly 2,250,000, 
or 34 per cent of the total number of wage- 
earners at work in the last pay week in October, 
1951, in the establishments covered by the 
survey. 

The Ministry of Labour says that, although 
the proportions of wage-earners on payment-by- 
results systems varied widely in different 
industries, in nearly all of them the percentage 
of workers so employed in each age group was 
slightly greater last October than it was 
in October, 1949. The largest overall increase 
was in building and contracting, where the 
percentage for all workers rose from 6 to 15. 
In the engineering, shipbuilding and electrical 
goods industries 52 per cent of all workers were 
under payment-by-results schemes last October, 
compared with 51 per cent in October, 1949. 


Changes in Wage Rates 


According to figures published in The 
Ministry of Labour Gazette, the changes in rates 
of wages reported to have come into operation 
in the United Kingdom in March resulted in an 
aggregate increase of about £184,000 in the 
weekly full-time wages of about 760,000 work- 
people. The principal increases affected manual 
workers employed by local authorities and 
workpeople in the iron and steel industry and 
in railway workshops. 

In the iron and steel industry the increases 
taking effect in March were payable under 
sliding scale arrangements based on the index 
of retail prices. For workers in railway shops 
there were increases in time rates of 8s. to 
9s. 6d. a week for men, according to occupation, 
and of 6s. 6d. or 7s. for women. Under the 
agreement recently concluded, these increases 
were retrospective to September, 1951. — The 
changes in wage rates coming into operation in 
March did not affect the index of rates of 
wages. The index, based on June 30, 1947= 100, 
stood at 128 for all workers, which was the same 
as at the end of February. It has advanced two 
points since the end of December last. 

In the first three months of this year changes 
in wage rates, reported to the Ministry of 
Labour, resulted in an gregate weekly 


increase of £1,432,100 for 3,625,500 workers. 
There were no decreases in wage rates reported 
during the period. In the first three months of 
last year there was a net increase of £1,963,500 
in the weekly full-time wages of 4,924,000 work- 


people. 








Rail and Road 


BrITIsH AND FRENCH Raluways TO EXCHANGE 
Srarr.—-British Railways has arranged an exchange 
training visit between four members of its traffic 
and technical staff and four corresponding officials 
of the French Railways. For a period of six weeks 
these officials will study the railway subjects in 
which they specialise in their own countries. 


Moron VeEHIcLE Exports.—The exports of 
cars and commercial vehicles for the month 
of March numbered 33,500 cars, valued at £12 
million, and 13,270 commercial vehicles, valued 
at £7-5 million. Corresponding for March, 
1951, were 27,590 cars and 10,040 commercial 
vehicles. The exports of cars and commercial 
vehicles in the first quarter of 1952 were the 
highest ever in value for the first quarter of any 
year. In March 10,100 agricultural tractors were 
exported, compared with 8320 a year ago. 

EvurRorEAN TRANSPORT CoO-ORDINATION.—Repre- 
sentatives from fifteen countries recently met in 
Genevs to consider problems basic to the co-ordina- 
tion of inland t rt in Europe. They 
attended the five-day session of a working party 
convened by the Inland rt Committee of 
the United Nations’ Economic Commission for 
Europe. The working party’s agenda included 


items concerning the organisation of the transport - 


industry, conditions of employment,’ obligations 
and burdens imposed on transport undertakings 
and advantages and benefits granted to them, 
and freedom of choice of means of transport. 


Air and Water 


Carco Hanpirve.—The International Cargo 
Handling Co-ordination Association announces 
that Mr. John W. McGrath, president of John 
W. McGrath Corporation, Broadway, New York, 
has accepted the vice-presidency for America of 
the Association. 

InsHORE MINESWEEPERS.—The first of the new 
inshore minesweepers for the Royal Navy was 
launched on April 23rd from the yard of J. S. White 
and Co., Ltd. These minesweepers have a length 
of 106ft 5in by 20ft 6in beam and are designed to 
operate in shallow waters. Twenty-nine ships of 
the class are under construction. 


CHAMBER oF SxHipprinc.—At the annual meeting 
of the Deep Sea Tramp Section of the Chamber of 
Shipping of the United Kingdom, held on Wed- 
nesday of last week, it was noted that tramp ton- 
nage had fallen from 3-4 million tons gross in 1939 
to 3 million in 1950 and to 2-8 million tons in 1951. 
Liner tonnage had not suffered a similar reduction 
and constituted 72 per cent of the total tramp and 
liner tonnage in 1939 and 75 per cent in 1951. 
Mr. R. D. Ropner was re-elected chairman and 
Mr. J. C. Denholm re-elected vice-chairman. 


THe Royat AeERonavTicaL SocreTy.—The 
annual garden party of the Royal Aeronautical 
Society will in this year be held at the. White 
Waltham (near Maidenhead) aerodrome on Sunday, 
June 15, 1952, from 2.30-6.30 p.m. . Tickets are 
only available to members of the Society and 
their guests, and members are advised to apply 
as early as possible. i will 
feature perso i 
from this country and abroad, and it is hoped some 
helicopters. There will also be a gliding display. 


Miscellanea 

Om Survey at NorrmncHam.—The geophysical 
section of the Anglo-Iranian Oil Company’s research 
station at Kirklington Hall is testing equipment in 
preparation for a seismic survey of an area east of 
Nottingham. 

DISMANTLING AT THE SouTH Bank S1Te.—George 
Cohen, Sons and Co., Ltd., has been entrusted with 
the dismantling of the Dome of Discovery, the 
Skylon and ten other structures at the Festival of 
Britain South Bank site. 2 

Ow Prre-Live.—The construction of the Iraq 
Petroleum Company’s 30in trans-desert pipe-line, 
which is 556 miles long and links Kirkuk, North 
Iraq, with Banias, on the Mediterranean coast, 
was completed on April 22nd. 


THe Sm Gerorce Bemsy Memoriat Fonp.— 
The administrators of the Sir George Beilby 
Memorial Fund, representing the Institute of Metals, 
the Royal Institute of Chemistry and the Society 
of Chemica] Industry, have decided to make two 
awards, each of one hundred guineas, from the 
Fund for 1951. One of these awards has been 
made to Mr. K. H. Jack, M.Sc., Ph.D., F.R.L.C., 
in recognition of his experimental contributions to 


THE ENGINEER 


Notes and Memoranda 


the study of interstitial alloys, especially in the 
iron-nitrogen and iron-carbon-nitrogen systems. 
The other has been made to Mr. W. A. Wood, D.Sc., 
F.Inst.P., in recognition of his experimental con- 
tributions to knowledge of the mechanism of 
deformation of metals. 

Om Stores Practice.—The Vacuum Oil Com- 
pany, Ltd., has issued a booklet entitled ‘“ Oil 
Stores Practice,” which is No. 2 in the company’s 
technical series. Sections of the booklet deal 
with the transport and _ storage of lubricants, 
the dispensing and application of lubricants and 
the purification of ot oils. 

INsTITUTE OF PETROLEUM.—At the annual 
general meeting of the Institute of Petroleum, 
held on April 24th, Mr. H. 8. Gibson, C.B.E., the 
managing director of the Iraq Petroleum Company, 
Ltd., was elected president. The three new vice- 
presidents elected are Mr. H. Hyams, Mr. H. E. F. 
Pracy, and Mr. R. B. Southall. 

PREVENTATIVE MAINTENANCE.—The Production 
Engineering Research Association has organised a 
conference on reducing costs and increasing produc- 
tion by preventative maintenance. This conference 
will be for directors and managers of works, and 
will be held at Melton Mowbray on Wednesday, 
May 28th next. The chairman will be Mr. S. W. 
Rawson, and the speakers will include Mr. D. 
— Mr. G. C. Oram and Mr. Bertram 

ite. P 


An INTERNATIONAL AGRICULTURAL Fair AT 
Urrecut.—An International Agricultural Fair, 
which is to be held in the buildings and on the 
grounds of the Royal Netherlands Industries Fair 
at Utrecht, from May Ist to 7th this year, will be the 
largest event in the agricultural field that has ever 
taken place in the Netherlands. The exhibits will 
be distributed over the two sites of the Fair. The 
machines and apparatus for the dairy industry will 
be housed at Vredenburg, and the Croeselaan site 
will be reserved for the exhibition devoted to 
agriculture, horticulture, poultry farming and the 
fishing industry. 

DvuRHAM AND THE “ CLOSED SHop.”’—Last week 
a deputation from the Joint Emergency Committee 
of the Professions, which consists of representatives 
of the British Dental Association, British Medical 
Association, Engineers’ Guild, the National Union 
of Teachers, the Royal College of Midwives, and the 
Royal College of Nursing, met the Emergency 
Commitiee of the Durham County Council in con- 
nection with the Council’s ‘closed shop” prin- 
ciples. New proposals put forward for resolving 
the outstanding differences were discussed and it 
was that these proposals should go for con- 
sideration by the County Council and the Emergency 
Committee of the Professions. 

THE APPRENTICES’ ScHOOL OF HEAD WRIGHTSON 
and Co., Ltp.—Seven years ago Head Wrightson 
and Co., Ltd., of Thornaby-on-Tees, inaugurated an 
apprentice training scheme under which a boy, after 
spending a year going from department to depart- 
ment in the works and receiving specialised training 
one day a week in the apprentice school, is given the 
choice of any craft trade he wishes to follow. These 
school premises were lost in a fire about two years 
ago and have just been rebuilt and equipped with 
the latest aids to traini Recently the board of 
directors of the firm visited the new school, and 
after seeing the boys at work the chairman decided 
to mark the occasion in a way which would further 
the all-round experience of the boys. This was done 
by organising a visit to London on Friday last, 
April 25th, during which the sixty boys from the 
school visited the Leonardo da Vinci exhibition at 
the Royal Academy. 

JUBILEE OF A WIRELESS PIONEER.—It is of 
interest to record that the first engineer to spend fifty 
years in the wireless industry, Mr. ymond 
Dorrington Bangay, of Marconi’s Wireless Telegraph 
Company, Ltd., celebrated his jubilee on May 15, 
1952. Mr. Bangay was born at Lyme Regis in 
1883, and joined the Marconi Company and went 
to the world’s first wireless college—the Marconi 
College at Frinton-on-Sea—in 1902. Later that 
year he went to America for the company and, 
during the next five years, helped to install many 
stations, including 
Babylon. On his return to England in 1907, Mr. 
Bangay began his study of wireless for military 
purposes, including the original experiments in 
air-to-ground communication. He later wrote the 
first wireless textbook, The Elementary Principles 
of Wireless Telegraphy. In 1914 he became head of 
the Marconi “ Field Station Department,” and in 
1921 was appointed chief of designs. He became the 
technical representative abroad in 1925, and his 
— appointment, of foreign manager, was made 
in 1935. 


the first U.S. Coastal Station at - 


Personal and Business 


Mr. M. J. Noonz, formerly chief engines; 
Whessoe, Ltd., has been appointed manager of 
operations. 

THe Untrep States Lives announces that Mr, 
William Kaiser has been appointed chief enginger 
of the 8.8. “‘ United States.” 

Cox anp Danks, Ltd., has moved its South 
Wales offices to Portfield House, Adelaide Street 
Cardiff (telephone, Cardiff 21441). / 

THE MICANITE AND INSULATORS ComPaANy, Ltd, 
Walthamstow, London E.17, has changed its tele. 
phone number to Larkswood 5500. 

In. J. H. Wiersum has been appointed manager 
of the office of Metropolitan-Vickers Electric) 
Export Company, Ltd., at The Hague, Holland, 

Mr. C. W. GLanisTeR has been appointed 
Brush Aboe resident representative in British West 
Africa, and left to take up his post on April 29th, 

Mr. N. G. LANCASTER, an assistant managing 
director of Tube Investments, Ltd., has been 
appointed executive deputy chairman of the group’s 
aluminium subsidiary companies. 

Vacuum Om Company, Ltd., announces that 
Mr. D. M. Glendinning, has been appointed 
manager of the company’s new refinery, which is 
under construction at Coryton, Essex. 

BarRLow-WHiTNEY, Ltd., has opened larger 
offices in London at 2, Dorset Square, N.W.1. The 
technical sales department will operate from this 
address (telephone, Ambassador 5485). 

Francis W. Brmkert anv Sons, Ltd., announces 
that Mr. C. Wright has been appointed works 
manager and Mr. J. H. T. Browne is now repre. 
sentative covering Yorkshire, West Riding area. 

Wricor (Parent) Company, Ltd., Fishponds, 
Bristol, is taking over the manufacture and dis. 
tribution of the ACE solder gun, formerly handled 
by Equipments, Ltd., Northwood, Middlesex, as 
from May Ist. 

Mr. ANDREW Hopper, director of the Parsons 
Marine Steam Turbine Company, Ltd., Turbinia 
Works, Wallsend-on-Tyne, has been appointed 
managing director of the company, in succession 
to the late Mr. W. H. Pilmour. 

Mr. W. H. Bowman and Mr. J. H. Catling, joint 
managing directors of Reynolds Rolling Mills, Ltd., 
Reynolds Light Alloys, Ltd., and the South Wales 
Aluminium Company, Ltd., have been appointed 
joint managing directors of T.I. Aluminium, Ltd. 

Kerra BLacKMAN, Ltd., states that Mr. J. G. 
Eminton is being transferred from London head 
office to Bristol. Inquiries from the West Country 
area should be addressed to Mr. Eminton at 13, 
West Dene, Westbury-on-Trym, Bristol (telephone, 
Stoke Bishop 82519). 

Tue Swett Perroteum Company, Ltd, 
announces that the Sales Technical Advisory 
Department is now renamed Product Development 
and Research Department (Technical Division) 
and the address is 16, Finsbury Circus (3rd floor), 
London, E.C.2. Telephone : London Wall 1200. 

LaNncASHIRE DyNamo organisation announces 
the establishment of a new company, Lancashire 
Dynamo Switchgear, Ltd., Bristol Road, Bridg- 
water, Somerset, following the transfer of the manu- 
facture of heavy industrial switchgear and switch- 
boards from Foster Transformers and Switchgear, 
Ltd., Wimbledon, last June. 


Launches and Trial Trips 


TRENTINO, cargo ship; built by Henry Robb, 
Ltd., for Ellerman’s Wilson Line; length between 
perpendiculars 290ft, breadth moulded 48ft 6in, 
depth moulded to shelter deck 28ft 3in, deadweight 
3000 tons on 19ft 6in draught, trial speed in ballast 
143 knots; four holds, three for general cargo and 
one refrigerated ; two eight-cylinder British Polar 
two-stroke diesel engines, each of 1520 b.h.p. at 
300 r.p.m., drive through Vulcan hydraulic coup- 
lings and single-reduction gearbox, with output 
speed 145 r.p.m.; three 185kW diesel generators. 
Trial, April 8th. 

Oswestry GRANGE, cargo liner; built by R. 
and W. Hawthorn, Leslie and Co., Ltd., for the 
Houlder Line, Ltd. ; length between perpendiculars 
450ft, breadth moulded 61ft 6in, depth moulded to 
upper deck 40ft, service speed 123 knota; five 
cargo holds, two deep tanks for vegetable oil, 
derricks include one of 25 tons, electrical deck 
machinery; Hawthorn-Doxford oil engine, four 
cylinders, 670mm diameter by 2320mm combined 
stroke, 3780 b.h.p. at 100 r.p.m., fitted for burning 
heavy fuel, two auxiliary boilers, three 200kW 
diesel generators. Trial, April 16th. 
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British Patent Specifications 


When an invention is icated from abroad the 
name and address of the communicator are printed in 
italics. When an abridgment is not illustrated the specifica- 
tion is without drawings. The date first given is the date of 
application ; the second date, at the end of the abridgment, 
ig the date of publication of t plete specification. 

Copies 0, specifications may be obtained at the Patent 
Office Sales Branch, 15, Southampton Buildings, Chancery 
Jane, W.C.2, 28. 8d. each. 








VALVES 


669,417. May 13, 1949.—GaTE VatveEs, Friedrich 
Heinrich Stradtmann, MHortensienstr. 24, 
Dusseldorf-Stockum, Germany. 

The valve plates A are loosely held between the 
spindle B and the guides C in the valve housing. 
The spindle is provided with a thrust member D 
which engages the valve plates by means of shoulders 
Fupon opening and closing of the valve. The thrust 
member has in its mid-portion a convex surface F 
against which the valve plates bear. The valve plates 
engage with the housing guides through projections 
q. The guides converge toward one another slightly 
togive a wedging action as the plates are seated. The 
plates are drawn into this wedge form by the lower 
shoulders Z upon closing of the valve, and are pressed 
by the curved surface F against the sealing surfaces. 
The curved surface allows effective seating of the 
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plates by permitting slight angular movement. Upon 
opening of the valve the spindle moves upwards, 
and the pressure exerted by the curved surface, 
being removed, the plates are drawn upwards by 
the bearing action of the upper shoulders.—A pril 2, 
1952. 


ELECTRICAL ENGINEERING 


668,852. March 31, 1949.—CarryInG AN ELEc- 
TRICAL CONDUCTOR THROUGH A METAL WALL, 
The General Electric Company, Ltd., Mag- 
net House, Kingsway, London, W.C.2, and 
Frederick William Hemmings, of Telephone 
Works, Coventry. 

The accompanying diagrammatic drawing, which 
shows a@ central sectional view of an arrangement 
for carrying an electrical lead wire through the 
cover of a hermetically sealed metal container for 
electrical apparatus, such as an oil filled condenser 
or transformer case. The cover A of the case is 
detachable and is provided with a circular hole 
for each lead. Each hole has an upstanding rim 
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B on the inside of the cover. In each hole is first 
inserted a circular cylindrical bush O of resilient 
insulating material, such as rubber, synthetic 
rubber or silicone rubber. The bush is provided 
With a D at one end and is inserted in its 
hole so that the flange abuts against the outside 
of the cover. The main portion of the bush has 
an undistorted external diameter appreciably 
greater than that of the hole in which it is inserted, 
so that it is considerably compressed radially 
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on insertion. The provision of the rim on the hole 
serves to increase the length over which the bush 
is compressed. The bush C has an axial circular 
cylindrical hole and after it is inserted in the 
hole in the cover a rigid hollow circular cylindrical 
metal plug £ is inserted in the hole in the bush, 
the external diameter of the plug being slightly 
greater than the undistorted diameter of the hole 
in the bush. The plug is provided at one end with 
a thin circular flange /, whose diameter is slightly 
less than that of the main portion of the bush. 
It is inserted in the hole in the bush so that the 
flange abuts against the end of the bush inside 
the cover. Each lead consists of a wire G with 
an insulating covering H. The wire is bared and is 
passed through the hole in the metal plug from the 
outside of the cover. It is then soldered at J 
to the flange F' to provide a hermetic seal between 
the wire and the plug and to secure the wire. 
For this purpose the hole in the plug has a greater 
diameter near the flange than over the rest of its 
length. The cover is soldered to the rest of the 
container to seal it hermetically—March 26, 
1952. 


GAS TURBINES 


669,438. October 20, 1949.—OvEeRsPEED Control. 
Means FoR Rotary Morion, The Plessey 
Company, Ltd., 56, Vicarage Lane, Ilford, 
Essex (Inventors: David Roy Trowbridge and 
Leonard Glover). 

The object of the invention is to provide a safety 
device for a starter turbine. Referring to the drawing, 
a carrier A has three radial bifurcated arms and a 
splined centre hub B. One arm has a shearing pin 
C projecting from diametrically opposed faces. 
A brake shoe D is pivoted at E to each of the arms. 
Each shoe has a stud F extending from diametrically 
opposed faces. Disc plates G, each have three 
radial inclined slots H which terminate at one end 
into semi-circular enlargements J and a locating 
socket or recess K. One of the disc plates is placed 
over each face of the carrier assembly so that th 
shearing pins C can pass into the locating sockets K, 
when the studs F on the outer faces of the shoes 
enter the smaller end of the inclined slots. <A 
brake drum JZ surrounds the brake shoes. The 
overspeed control mechanism is intended to be 
fitted to the first rotor shaft of a starter turbine 
and the brake drum fixed in a convenient position 
upon the casing of the turbine. So long as the 
starter turbine revolves under normal conditions, 
the brake shoes are held out of engagement with 
the brake drum by reason of the fact that the 
shearing pins C are located in the sockets K, thereby 
preventing relative movement of the brake shoe 
assembly and end plates G. In the event of 
abnormal conditions arising so that the speed of the 
turbine exceeds a pre-set limit, the brake shoe D 





tends to be pulled out under centrifugal force, but is 
restrained by the pins F. Because of the position of 
the slots a cam action is produced which tends to 
rotate the plates relative to the shoe carrier A. 
Rotation of the plates is prevented by the shear pins. 
When the centrifugal force exceeds a pre-set limit, 
the pins C are sheared and the brake shoe can move 
outwards under centrifugal action. Under these 
conditions the studs F slide in the slots H into 
the enlargements J and the brake shoes move 
into contact with the drum to control the speed 
of the turbine within safe limits.— April 2, 1952. 


INTERNAL COMBUSTION ENGINES 


669,456. January 25, 1950.—IcGNiTIon Devices 
FOR INTERNAL COMBUSTION ENGINES, Frederick 
Lawton, 50, Garton End Road, Peterborough, 
Northants. 

Referring to the drawing, the device comprises 
an ignition piston A moving in a cylinder, its 
travel being limited by screw B engaging in recess in 
the piston. The piston is urged towards its top 
position by a compression spring C engaging under 
the head. The port D and a passage FZ are provided in 
the cylinder and ignition piston respectively. 
Depression of the ignition piston is affected by a 
cam F carried on a rocker arm. The operation is as 
follows:—-As the engine piston descends on the induc- 
tion stroke, the inlet valve is operated by @ rocker 
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arm separate from that which carries the ignition 
piston cam F. As the piston rises on the com- 
pression stroke the inlet valve closes and the cam F 
allows the ignition piston to rise, and when the 
ignition piston is in its uppermost position as shown, 
and its foot is clear of port D, the mixture enters the 
cylinder through that port and fills the cavity H. 
While the engine piston is still rising on the same 
stroke the ignition piston urged by its cam com- 
mences to descend, immediately closing port D and 
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compressing the mixture in the cavity H and 
passage FE. The timing of the descent of the 
ignition piston is so arranged that at the moment 
when the engine cylinder is in the correct position 
for the engine to fire, or a fraction of time before 
the compression of the mixture in passage EF is 
such that it ignites. At the moment of such 
ignition the burning gas escapes through the port 
to cause ignition of the mixture in the engine 
cylinder. A modified form of the device for use in 
a side valve engine is shown in the specification.— 
April 2, 1952. 


SHAFT AND BEARING SUPPORTS 


669,008. May 19, 1950.—Batt anpD ROoLier 
Brarines, Charles Antony Ablett, King’s 
Lynn, Norfolk. 

The object of the invention is to provide improved 
ball and roller bearings of the type in which the 
inner or outer race or both are split. Referring 
to the drawing, the rollers are mounted in a split 
cage made up of two parts A and B. An inner race 
C and D is made in two parts with the division 
faces E extending obliquely so as to afford a gradual 
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passage of the rollers from one part of the race to 
the other over the joints. The outer race is shown 
at F and G, the faces of the material of the races 
at the joints between the two parts are “‘ veed ” to 
afford a gradual passage of the rollers over the 
joint. In accordance with the invention, each of 
such raceways is made from rolled strip or bar 
steel, which is curved and then hardened and ground. 
The inner raceway is provided with lugs H at the 
corners by the faces and through screws, and nuts 
and lugs are used to hold the race firmly upon the 
shaft on which the bearing is to run.— April 2, 1952. 


MISCELLANEOUS 


669,340. March 1, 1949.—CrusHine Muits, Jean 
Dulait, 30, Avenue Brugmann, | Brussels, 
Belgium. 

An object of the invention is to arrange the outlet 
so as to reduce to a minimum the proportion of 
incompletely crushed material that tends to escape 
together with the material brought to the desired 
grade of fineness. The crusher shown in the draw- 
ings comprises a rotor formed of a disc A with 
beaters B and C, arranged on each side. The rotor 
revolves in a stator D having along its inner peri- 
phery a number of chambers EF and /’, into which the 
material is propelled by the beaters. The material 
to be crushed is fed into the apparatus through an 
opening @ facing one side of the disc. It leaves the 
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crusher through openings H on the other side. 
The openings H are provided in a cylindrical 
member J which rotates with the disc and is 
situated nearer its axis than the beaters. The 
cylinder extends to near the rear wall K and its 
inside is connected with the outside of the crusher 
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through a hole in the rear wall. The arrangement 
of the outlet openings H in a cylinder coaxial] with 
the rotor favours a selection between the finer 
particles which are carried with the outgoing air 
and the coarser particles which, on account of their 
size, are sent back towards the periphery of the 
stator under the influence of rotation. A modified 
construction is also shown in the drawing.—April 2, 
1952. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of 
having notices of meetings inserted in this column, are 
requested to note that, in order to make sure of their insertion, 
the necessary information should reach this office on, or 
before, the morning of the Monday of the week preceding 
the meetings. In all cases the TIME and PLACE at which 
the meeting is to be held should be clearly stated. 


Association of Building Technicians 
To-day, May 2nd.—Dennison House, Vauxhall Bridge 
Road, London, 8.W.1, “‘The London Plan,” Arthur 
Ling, 7.15 p.m. 


British Institution of Radio Engineers 
Wed., May 7th.—Lonvon Section: London School of 
Hygiene and Tropical Medicine, Keppel Street, Gower 
Street, W.C.1, “An Aerial Analogue Computer,” 
W. Saraga, 6.30 p.m. 


Engineers’ Guild 
Thurs., May 8th.—METROPOLITAN Branco: Caxton 


Hall, Westminster, London, 8.W.1, “‘ The Development 
of an Engineer,” H. J. B. Harding, 6 p.m. 


Illuminating Engineering Society 
Tues., May 6th.—LivEeRPooL CENTRE: Merseyside and 
N. Wales Electricity Board’s Service Centre, White- 
chapel, Liverpool, Annual General pe | 6 . 
Thurs., May 8th.—LrIcEesTER CENTRE: E. Midlands 
Electricity Board, Charles Street, Leicester, Annual 
General Meeting, 6.30 p.m. 


Incorporated Plant Engineers 
Thurs., May 8th—-NEwcasTLE UPON TYNE BRANCH: 
Roadway House, Oxford Street, Newcastle upon Tyne, 
“The Use of Low-Grade Fuel in Shell-Type Boilers,” 
E. G. Ritchie, 7.30 p.m. 


Institute of Economic Engineering 

Sat., May 3rd.—Christian Institute, 70, Bothwell Street, 
Glasgow ; Open discussion, 10.30 a.m. 

Thurs., May 8th.—The George Hotel, Church Lane, 
Kingsbury, London, N.W.9, “‘ Material Handling as a 
Factor of Efficiency,” J. R. Smart, 7 p.m. 

Fri., May 9th.—Engineers’ Club, Albert Square, Man- 
chester, ‘Production Control as a ment 
Tool,” W. J. Worsdale, 7 p.m. 


Institute of Industrial Supervisers 
Thurs., May 8th.—Engineering Centre, 351, Sauchiehall 
Street, Glasgow, “‘ American Foremanship Report,” 
W. J. Izzard, 7.30 p.m. 


Institution of Chemical Engineers 
Sat., May 3rd.—Miptanps Brancx: The University, 
Edmund Street, Birmingham, “Stainless Steel in 
Chemical Plant,” A. M. Hucheson, 3 p.m. 


Institution of Civil Engineers 
To-day, May 2nd.— YoRKsuHIRE AssociaTION: Royal Vic- 


toria Station Hotel, Sheffield, annual general meeting, 
“ Preparing for and Surfacing of Roads,” S. M. Lovell, 


7 p.m, 

chan. May 8th.—N.W. Association: Engineers’ 
Club, Albert Square, Manchester, Annual General 
Meeting, “‘The Relation of Road Design to the 
Requirements of Traffic,” J. A. Proudlove, 6.30 p.m. 


Institution of Electrical Engineers 
Sat., May 3rd.—Rapio Section : Savoy Place, London, 
W.C.2, convention on “‘ The British Contribution to 
Television.” 
Tues., May 6th.—MEASUREMENTS Savoy 





SECTION : 


Place, London, W.C.2, “ The Electricity Division of 
the National] Physical Laboratory,” R. 8, J, Spilsbury, 
5.30 p.m, 
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Institution of Mechanical Engineers 
To-day, May 2nd.—Storey’s Gate, St. James’s Park, 
London, 8.W.1, ‘‘ Control and Recovery of Dust and 
Fume in Industry,” R. Ashman; “ Filter Efficienc 
and Standardisation of Test Dust,” H. Shgvest, 
5.30 p.m. 


Institution of Engineering Draughtsmen and Designers 

Wed., May 7th.—Queens Hotel, Birmingham, ‘“ The 
Design of High-Frequency Electrical Heating Fur- 
naces,” Mr. May, 7 p.m. 


Institution of Post Office Electrical Engineers 
Mon., May 5th.—Institution of Electrical Engineers, 
Savoy Place, London, W.C.2, ‘* A General In’ uction 
to Communication Theory,” J. E. Flood, L. R. F. 
Harris and A. D. V. Ridlington, 5 p.m. 


Junior Institution of Engineers 
Wea., May 7th-——Miptanp SeEcTION: James Watt 
Siomastal Bastinate, Great Charles Street, Birmingham, 
‘* Sintered Oil-Retaining Bushes and Bearings,” A. E. 
Mapstone, 7 p.m. 


Royal Institution of Chartered Surveyors 
Mon., May 5th.—12, Great George Street, Westminster, 
London, 8.W.1, Discussion on ‘‘ Compensation and 
Betterment,” opened by B. J. Collins, J. D. Trustram 
Eve and H. W. Wells, 5 p.m. 


Society of Chemical Industry 
Tues., May 6th.—Burlington House, Piccadilly, London, 
W.1, “‘Chemical Engineering and Atomic Energy,” 
C. M. Nicholls and A. 8. White. 


Stephenson Locomotive Society 
Sat., May 3rd.—Special train tour from Coventry and 
Nuneaton to Shackerstone, Coalville, Ashby-de-la- 
Zouch, &c., commencing about 2.25 p.m. 
Sun., May 4th.—Visit to Swindon Locomotive Works and 
Running Shed, Western Region, 12.45 p.m. 





British Standards Institution 


All British Standard Specifications can be obtained from 
the Sales Department of the Institution at 24, Victoria 
Street, London, S.W.1. 


MARKING SYSTEM FOR GRINDING WHEELS 


No. 1814: 1952. This standard establishes a 
uniform system of marking to indicate the relative 
hardness and grit size of grinding wheels. It is 
based on the agreed practice of British grinding 
wheel manufacturers, who have adopted this system 
to secure uniformity in the various symbols for the 
different characteristics of the wheels. The sequence 
in which the symbols are used gives a general indi- 
cation of the hardness and grit sizes of any one 
wheel as com with another, but it will be 
appreciated that the widely differing conditions 
under which grinding wheels are used make it 
impracticable to state that wheels of similar marking 
made by different manufacturers will necessarily 
give the same grinding action. 

The system applies to all grinding wheels and 
most abrasive products of whatever size, type and 
shape, but it does not apply to diamond wheels nor 
to such products as scythe stones and sharpening 
stones. Price 2s. post free. 





GEARS FOR INSTRUMENTS AND CLOCK- 
WORK MECHANISMS: PART 2, CYCLOI- 
DAL TYPE GEARS 


No. 978: 1952. This second part of the new 
standard applies to cycloidal type spur gears for 
spring or weight-driven mechanisms in which the 
pinion is the driven member or where the pinion is 
required to act sometimes as the driver and some- 
times as the driven member. 

Whereas the original edition specified a circular 
are form of tooth, the revision has been based on 
the standards of Swiss and Black Forest watch and 
clock industries. In particular, the Swiss standard 
has been used as a basis because of the prevalent 
use of that standard for horological work and for 
other applications where a cycloidal form is pre- 
ferred. The standard relates entirely to the form 
and proportions of the teeth and sets out a range of 
standard modules between 0-070 and 1-000, pre- 
ferred sizes being indicated. It also includes some 
notes on the derivation of cycloidal gears where the 
wheel drives the pinion. 

As the result of discussions which have taken place 
in connection with the work on gears undertaken 
by the International Organisation for Standardisa- 
tion, it may be possible to include in a later revision 
some provisions in regard to permissible errors and 
tolerances. 

Price 3s. 6d. post free. 





GEARS FOR INSTRUMENTS AND CLOCK- 
WORK MECHANISMS: PART 3, BEVEL 
GEARS 

No. 978: 1952. This part of the standard deals 
with bevel gears which were not covered by the 
standard published in 1941. It relates to machine- 
cut conical gears connecting intersecting shafts and 
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having pitches from 20 to 80 D.P. The teeth hays 
a normal pressure of 20 deg. at the pitch cone, ang 
they may be either straight or curved. It provides 
for the form of gear tooth and lays down the per. 
missible errors and tolerances for two classes of 
gears—Class A for use where a high dozree of 
accuracy is required, and Class B for other appliog. 
tions. It also deals with the modification to the 
addendum required for small numbers of teeth 
and the relative clause includes an example illus. 
trating the method of application. 
Price 3s. 6d. post free. 


SINGLE-COILSPRING WASHERS 
AIRCRAFT 

No. SP 47 : 1952. The spring washers for aircraft 
covered by this specification are designed with 
close tolerances to give even load distribution 
and consistent locking properties ; it specifies the 
material, dimensions and finish of precision single. 
coil washers. In addition to notes on the heat 
treatment, hardness and protective treatment of 
these washers comprehensive details of tests 
are given. Price 1s, post free. 


FOR 





SCHEME OF SYMBOLS FOR WELDING 

No. 499: 1952. The new scheme of symbols 
contained in this standard involves radical alterations 
of the former practice. It recognises the work to be 
done to secure co-ordination between British and 
American practices, and it is part of a wide scheme of 
co-ordination which will include drawing-office 
practice, unification of screw threads and other 
matters discussed at the Ottawa Conference on 
Unification of Engineering Standards in 1945. It 
also provides a more flexible arrangement than can 
be obtained from the appendix to B.S. 499 : 1939, 
It departs from previous practice in two funda. 
mental respects. The terms “ near side ”’ and “ far 
side’ have been discontinued in favour of the 
terms “arrow side” and “ other side.” This is 
uniform with American practice and overcomes the 
difficulty encountered in some views of welds 
where the former terms were inapplicable. It has 
also been decided that the disposition of the weld 
symbol relative to the reference line should be 
based on the American system. Nevertheless, many 
of the features of the former scheme have been 
preserved. Price 6s. post free. 





ALUMINIUM AND ALUMINIUM ALLOY 
SECTIONS (P.D. 1331) 

Addendum No. | to No. 1161: 1951. Issued as 
an addendum to B.S. 1161, these notes on aluminium 
and aluminium alloy in the form of extruded sections 
are intended to give guidance to the prospective 
user, who may be unfamiliar with the characteristics 
of the different aluminium alloys available in the 
form of extruded sections. The notes recommend 
that in choosing an alloy for a particular purpose 
consideration be given, not only to the mechanical 
and structural strength of the material, but also to 
the ease with which it may be formed and then 
incorporated into a structure, and its durability 
under conditions of service. Notes on the working 
and heat treatment of the various alloys and tables 
of torsion constants for the sections specified in 
B.S. 1161 are included. Issued free of charge. 





NICKEL-CLAD STEEL PLATE 


No. 1822: 1952. This specifies steel plate to 
which a layer of nickel is integrally and con- 
tinuously bonded on one or both sides. 

The base steel used is required to comply with 
B.S. 1501-151, -154, or -157. A_ high-purity 
nickel is specified and tests are included to ensure 
efficient bonding between the nickel and the steel. 
Price 2s. post free. 


—_——_——————_ 


SumMER ScHoot oF PRopUCTION ENGINEERING . 
—The Institution of Production Engineers 
announces that its third annual summer school of 
production engineering will be held at Ashorne 
Hill, Warwickshire, from August 27-31, 1952. 
This year the inclusive fee, which will cover accom- 
modation, meals, a copy of the proceedings, &c., 
will be £8. On the first day of the school a lecture 
on “ The Study and Application of the Processes 
of Production” will be given by Mr. M. Seaman. 
The next two days the school will be divided into 
two sections in order to give both teachers and 
those from industry an opportunity of devoting 
part of the time to study and discussion of specialist 
subjects. The education and training section will 
be lectured by Professor J. V..Connolly on: ‘* The 
Study of Production Processes”. and by Mr. 
E. M. Pain on “ Practice in Production Processes.” 
The industrial application section will hear‘a lec- 
ture by Mr. B. E. Stokes on “ Planning and‘ Con- 
trolling the Processes of Production,” and one by 
Mr. B. G. L. Jackman on “ Planning and Control- 
ling the Processes of Production (Human Factors).”’ 
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